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Amsterdam, Archicf Wisk. 
Geno6ts 

Amsterdam Bijdr. Dierk. 


Amsterdam, Bull. Congr 
Bot. 

Amsterdam Congr. Bot 
Actes 

Amsterdam Genootsch. 

“Natura Artis Magistra” 
Amsterdam Genootsch. 
Nat.-, G§nees- en Heel- 
kunde 

Amsterdam, Het Inst. 
Amsterdam, Mengclweik 

Amsterdam, Nieuw. Verb. 


Amsterdam, Nieuw. Wis. 
Voorstel. 


Amsterdam Nederl. Aardr. 

Genootsch. Tijdschr. 
Amsterdam, Onderz. Phys. 
Ub. 

Amsterdam, Tijdschr. 

Natuurk. Wetens. 
Amsterdam, Tijdsdhr. Wis. 
Natuurk. Wetens. 

Amsterdam, Verb. « 


Amsterdam, Verb. Ge- 
noots, Geneesk. 

Amsterdam, Verzam. Ber. 
Nftvig. 


Monatschrift ftir Medecin,* Augenheilkunde? und 
Chirurgie * 

Zeitschrift fur cKe Oj)hthalmologie 
Werken van het Genojitschap ter Beyordering der 
Natuur-, Geneesen Heelkunde. See Maandbl. Nat. 
Jaarbock%van d% koningklijke Akademie van Weten- 
.schappen gevestigd te Amsterdam 
Koninklijke Akademie van Wctenschappen te Amste/- 
dam. Proceeding^ of the Section of Sciences 
Vcrhandelingen der koninklijke Akademie vanWeten- 
schapp. 

Verslagen en Mededeelingen der Koninklijke Akademie 
van Wctenschappen. Afdecling Naturkunde 
Processen-Verbaal van de gewone Vergaderingen der 
Koninklijke Akademie van Wetenschappen. Af* 
deeling Natuiirkimde. 

.4rchief uitgegeven door het Wiskundig Gcnootsclj^^s 

Bijdragen tot de Dierkiinde uitgegeven (^r the 
(Konincklijk Zoologisch) Genootschap Natura Artis 
Magistra. te Amsterdam 

Bulletin du Congres Intet;nationaI de Botanique et 
d’HorticuIture reuni a Amsterdam 
Actes du Congres International de Botanistes, d’Horti- 
culteurs ....tenu a Amsterdam, en 1877 
vSee Amsterdam Bijdr. Dierk 

See Maandbl. Nat. • 


Het Instituut 

Mcngelwerk von uitgeleezene en andere Wisen Natuur- 
kundige Verhandelingen 

Nieuwe Verhandelingen der eerste Klasse van het 
Kontnklijk Nedcrlandsche Instituut van Weten- 
schapen, en Schoone Kunsten te Amsterdam 
Verzamelingwvaii nieuwe wiskundige Voors^ellen door 
de Leden van het Wiskundig Genootschap. onder de 
zinspreuk: fien envermoeide arbeid komt olles te 
boven, elkandvr tot onderlinge oefening opgegeven 
Tijdschrift vatf het (Kon.) Nederlandsch. Aardrijks- 
kundig G^ootvsehap, gevestigd te Amstirdam 
Onderzo^ingen gedaan in het Physiologisch Labora- 
torium van de Doorluchtige en Klinische Scholen te 
Amsterdam 

Tijdschrift voor Natuurkundige Wetenschappen en 
Kunsten 

Tijdschrift voor de Wis- en Natuurkundige Weten¬ 
schappen, X^tterkunde, en Schoone Kunsten te 
Amsterdam 

Verhandelingen der Eerste Klasse van het Koninklijk 
‘ Nedcriandsche Instituut van Wetenschappen. Let- 
terkunde, en Schoone Kunsten te Amsterdam 
Verkandeling^ van het Genootschap ter Bevordering 
der Geneesen Heilkun<^e, en Schoone Kunsten te 
Amsterdam , 

Verzameling van Berichten over eenige onderwerp^ 
d^ Navigatie 
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AmsterHan^ Zool. Genooi- 
sch. "Natura Artis Mag- 
istra” 

Anales agrAi.* 

Anales fis. quim. 

Anales Inst. med. nacional 
Anales Mineria Mex 

Analyst 

Anat. 

Anat. Anz 


Anat. Ges 
Anat. Hefte 


Anat. S«c. Proc. 

Anat. Studicn 
Angers Acad. Sci. Mem • 

Angers. Ann. vSoc. Linn 

Angers, Mem. Soc. Agric. 

Angers, Soc Sci. Bull, 
i^nn. 

Ann. Bot. 

Ann. Chini. 

Ann. Chim. anal 

Ann. chini farm. 

Ann. Chim. Phys. 

Ann Chimica « 

Ann. Conftuct. Pouts et 
Chauss. 

Ann. Conserv. Arts Met. 
Ann. Dermatol. 

Ann. Kcole^norm. 

Ann. Kalsif. 

Ann. Farm. Chim. 

Ann. Fis. Chim. 

Ann. G6nie Civil 
Ann. G^n. Sci. Phys. 

Ann. Geogr. 

Ann. Hydrogr. 

Ann Hydrogr. Mar. Met. 


Ann. hyg pub. 

Ann. lad. 

Ann. Inst. Pastuer 
Ann. Ldndw. 

Ann. Landw. Wochenbl. 
Ann. Mag. Natur. Hist. 
• ♦ 


vSee Nederl. Tijdschr. Dierk 


Aliales Agronomicos 

Anales de la sociedad espanola de fisica y (luimica 
Anales d?l institfito medico nacional 
Anales de la Mineria Mexicana, Revisla de 
Minas 

The Analyst, including the I’roccedings of the Society 
of Public Analysts 
Anatomie 

Anatomischer Anzeiger. Centralblatt fur die Gesatnte 
Wissenschaftliche Anatomic. (Amtlichcs Organ dcr* 
Anatomischen Gcsellschaft) 

Sec Anat. Anz. 

Anatomische Hefte. Referate und BeltrSge (Ikitruge 
und Referate) zur Anatomie und Entwickehings- , 
geschichte. 
vSee J. Anat. Physiol. 

.Anatomische Studicn 

Memoires de I’Academie des Sciences et Belles-Lettrci^ 

’ d'Angers 

Annales de la vSocR*t6 Linueenne du departement de 
Maine et Loire 

Memoires de la Soci6t6 d’Agricultiirc, Sciences, ct 
Arts 

Bulletin de la Soci6t4 d’Etudes Scientifiques d’Angers 
Liebig’s Annalen der Chemie 
Annals of Botany 
Annales de Chimie 

Annales de Cbiinie analytique applicjuc a I’Jndustiicv 
a I’AgricuIture, &. la Pharmacie et 4 la Btologie 
Annali di Chimica e de farmacologia 
Annales dc Chimie et de Physique 
Annali di Chimica (Medico-Farmaceutica e di Farma- 
cologia) 

Annales des^onducteurs des Fonts et Chaussees et 
des Gardes-Mines 

Annafes du Conservatoire des Arts et Metiers 
Annales dq Dcrmatologie et de Sypbiligraphie 
Annales auehtifiques de TKcole Normale supericure 
(L. Pasteur) 

.Annales des Falsifications 

Annali di Farmacoterapia e Chimica (Biologica) 

Annali di Fisica, Chimica, etc. 

Annales du G4nie Civil 

Annales g^n^rales dcs Sciences Pbjisiques 

Annales de Geographic • 

Annales Hydrographiques 

Annalen der Hydrographic und Karitiificn MeteorS-*^ 
logie. Organ des Hydrographischen Bureaus 
(Amtes) und der Deutschen Seewartc 
Annales d’hygiene pqblique 
Annales inJustrielles, par Fredureau, etc. 

•Annates de ITnstitut Pasteur 
Annalen der Landwirthschaft in den K. Staaten 
Annalen der Landmptsebaft, Wochenblatt 
The Annals and Mi gazine of Natural History, In¬ 
cluding Zoology. Bo^y and Geology 
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Ann. Matemat. 
Ann. Math. 

,,Ann. Med. , 
Ann. Med. Psychol. 

Ann. Med. Siirg. 


Ann. Microgr. 

Ann. Mines 

Ann. Mnsco Ind. Ital. 

Ann. Natur. Hist. 

Ann. Oculist 
Ann. Phann. 

Ann. Pharm. Houvain 
Ann. Phil. 

Aim. Phys. 

Ann. Phys. Chem. 

Ann. Fonts ct Chauss. 

Ann. P. vStaz. Chim. 

Ann. Rep., U. S. Dept. 
Agric. 

Vnn. sci. agrcai. 

Ann. Sci. Rot. Nat. 

Ann. Sci. Tomb. Vcncto 
Ann. Sci. Nat. 


Ann. Sci Univ. Jassy 
Ann. Sc(^tt. Natur. Hist. 
Ann. Sttrg. 

Ann. Storia Natur. 

Ann. Telegr. 

Annab.-Btichh. Ver. Na- 
turk. Ber. 

Annab.-Ruchh. Ver. Na- 
turk. Jahr 

Annacs Sci. Natur. t 
Anncd Riol. 

Annot. Zool. Jap.« 

* 

Annuaire Ancienne Nor- 
• inandie • 

Annuaire Inst. Provmdes 

Annuaire met. France 
Annuaire Mines Russie 
Anthropol. (Paris) 

Anthropol. Congr 
Anthropol. Inst. J. 


Annali di Matematica pura Id applicata 
Annals of Mathemjit cs 
Annali di Mcfficina 

Annales inedico-psych«Iogiques; Journtl ^de 1’ ana¬ 
tomic, Physiologic, etc., du systcme ncrveux 
Annals McdfL'ine and Surgery, or Records of the 
occurring Improvements and Discoveries in Me^j- 
cine, Surgery, and their immediately connected Arts 
and Sciences 

Annales de Micrographic specialcment consacrees a la 
Bactcriologie, aux Protophytes et aux Protozoaires 
Annales dcs Mines.. .redigecs et publiees sous rAiitori- 
sation du Ministre des Travaux Publics 
Annali del R. Museo Industriale Italiano 
Annals of Natural History 
Annales d'Oeulistique et de Gynecologic 
Annals of Pharmacy 
Annales de Pharmacie, Louvain 
Annals of Philosophy 
Annalen der Physik 
Annalcn der Physik und Chemic 
Annales des Fonts et Chaussces 
Annali della R. Stazionc Chimico Agraria Sperinientale 
di Roma 

Annual Report of the United States Department of 
Agriculture , 

Annales de la science agronomique francaise et etran- 
cere • 

Annales des vSclenccs Naturelles, Botanique 
Annali dellc Scicnze del Regno Uornbardo-Veneto 
Annales dcs Sciences Naturelles. Botanique. Zo- 
ologie ct Palcontologie, comprenant I’Anatomie, la 
Physiologic, la Classification et I’Histoirie Naturelle < 
dcs Adirnaux 

Annales scientifK|ues de rUniversite de Jassy 
The Annals of Scottish Hatural History 
Annals of Sftrgcry * 

Annali di Storia Naturale 
Annales Telegraphftiues 

Bericlit iiber den Annaberg-Buchholzer Verein fur 
Naturkunde 

Jahresboricht des Annaberg-Buchholzer Vereins fur 
Naturkunde 

Annacs de vSciencias Naturaes 

L’Anne^ Biologique. Comptes Rendus annuers des 
Travuax de Biologic Generale 
Annotationes Zoologicae Japonenses, Auspiciis So- 
cietatis Zoologicae TokyonensiS seriatim editae 
Annuaire des cinq. Departements de TAncienne 
Normandie, par TAssociation Normandie 
Annuaire de Tlnstitut des Provinces, des Societes 
Savantes, et des Congres Scientifiques 
Annuaire Metcorologique de la France 
Ann^lai^c du journal des Mines de Russie 
Materiaux pour THistcire de THomme. Revue 
d’AnthropoIogie. Revue d’Ethnographie reunis. 

See Congr. Int. Anthrop. C. R. « 

'J'hp^TmirnoI nt ^ ^ 
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AnthropoI.’Re^ 
Anthropol. Soc. Mein. 

Antwerpen, Veth.*Gcnoots. 

Occ. qui non. 

Anvers, Ann. goc. Metl. 
Anvofs, Congr. vSci. Geogr. 

Anvers, J. Pliarm. 

Apoth. Ztg. 

Apothecary 
Apprcturzcituntf 
Apt, Ann vSoc Sci. 

Aquila 

Arb Kais. Cicsundhts. 

Arb pharm Inst., D. Univ. 
Berlin 

Arcachon Soe. Sci. Stat. 

Zool. Trav 
Arcctri Oss Piibbl. 

Arcliief vSnikerind. 

Arcliici Wish. Cenoots. 
Archit. and Kn^. 

Arclu^. AKriculturcheni. 
Archiv, Anat. Micro. 
Archiv. Anat. Physiol. 

Archiv Anthropol. 

• * 

Archiv. Anthropol. litnok 
Archiv. Augcnheilk. 

Archiv. Augen-f Ohrcn- 
hcilk. 

Archiv. beiges ni6d. mil. 
Archiv. Biol. 

Archiv. Bot. Kord. France 
Archiv. Chem. Ulikros. 
Archiv. Cosinol. 


Archiv. Dent. 


Archiv. F.lect. 

Archiv. Hntwickl. Organ. 
Archiv exper. Path. 
Pharm. 

Archiv. Farmacol. sper. 
Roma 

Archiv. lisiol. 

Archiv. gen. Med. 

Archiw ges. Physiol. 

ArchivAHeilk. 


The Anthropological Review' 

Memoirs read before the .^nlhropologicaI J^ociety of 
London • 

Vcrhindelingcn van hot Genoolscliap. "Oocidit qui 
non servat’’ ^ 

Aiinales de la Socictc dc Medeoinc d’Anveis 
Compte-Rcndii du Congres de.s vScieiiees (h^ogiaphi- 
ques, Cosinographicpics et Conimereiales 
Journal de Phannacie, piibl par la Soe dc Pliarniaeic 
d’Anvers 

Apotheker Zcitiing, Berlin 
Apothecary, Boston 
Appreturzeittmg 

Annalcs de la Soeicte liticraire, seicntifKine et urtisticpie 
d’Art (Vaucluse) 

Aquila. A Magyar Ornithologiai Ko/ponl h'olyoiiata. 
Periodical of Ornithology 

Arlwiten atis dom kaiserlichen Gesimdheitsainte, 
Berlin 

Arbtdten aus deni pharmazeutisehcii Institut der Uni- 
♦ versitat Berlin 

SoCi^te Scientifique ct Station Zoologuitu' d’Aicaehon 

Sec Firenze It. 1st. Pubbl. (Arcctri Oss) 

Arcliief Suikerindustrie in NTderlaiid.scIi-Indie 
Arcliief uitgegeven door het VViskiiiidig (ieiioolschap 
Architect and Ivngineer 
See Hermbstadt 

Archives d’Anatomie Microscopique 
Archiv. fur Anatomic, Physiologic uml wrssenschaft- 
liche Mcdicin 

Archiv. fur Anthropologic . Organ dcr dcutschen 
Gesellscliaft fnr Anthropologic, Ktlinologie und 
l^rgeschichtc 

Archivio per I’Anthropologia e la Ktnologiu 

Archiv. fur Augenlieilkiindc 

Archiv fur Augen- iind Ohrenhcilkunde 

Archives liclges dc m6dicme militairc 
Archives de Biologic 

Archives Botaniques du Nord dc la Fmncc 
Archiv. Chemie und Mikroskopie 
Archives cosniologiqucs. Revue des Sciences Natur- 
cllcs, avec leurs applications a fU Mcdecmc, a PAgri- 
cultnre, aux Arts, et a I’lndiistrie 
Archives of Dentistry: A record of Dental knowledge; 
medical, surgical, microscopical, chemical, and 
mechanical • 

Archives dc I’Electricite ^ 

Archiv. fur Kntwicklungsmechanik ^ei*Organismen 
Archiv. fiir experimentelle Pathologic und Pharniako- 
logie 

Archivio di FarmacolagU speriinentale c Scienze 
aflln; Roma • 

Archivio di fisiologia 
Archives gcnerales de Medecine 
Archiv. fur die ge.samratg Physiologic des Menschen 
und der Thiere (Pfluger) 

Archiv der I^ilkunde 
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Archiv. Hyg. 

Archiv. Internal Mccl. 
Archiv. mtl^pharmacodyn 

Archiv. Ital. Biol. 

Archiv. Kinderhcilk 
Archiv. Math. Naturvid. 
Archiv. Math. Phys. 
Archiv. Med. 

Archiv. Me<I. comparee. 
Archiv. nied. exp. 

Archiv. Med. Navale 
Archiv. Med. Pharin 
Militair. 

Archiv. Mikro. Anat. 

Archiv. Miss. Sci. 

Archiv. Naturgesch. 
Archiv. Naturk. (Dorpat) 


Archiv. Neerland. 


Archiv. Ohreuhcilk. 

Archiv. Ophthalm. 

Archiv. Ophthalm. Otol. 
Archiv. Otol. 

Archiv. Parasit. 

Archiv. path. Anat. 

Archiv. Pharni. 

Archiv. Pharni. og Chemi 
Archiv. Physiol. 

Archiv. Psychiatr. 

Archiv. vSei. 

Archiv. sci. med. 

Archiv. Sci. Phys. Nat. 

Archiv. Sci. Pract. Ated. 
Archiv. vSlaves Biol. 

Archiv. Verdauungs- 
krankh. • 

Archiv. Wiss. Hcftk. 

Archiv. Wiss. #taVt. Thier- 
heilk. 

Archiv. Zool. Anat. Kis. 
Archiv. Zool. Exper. 
Arcueil, Mem. Phys. 

Argent. Inst. Geogr. Bol. 
Argent. P. 

Argent. Soc. Ci. An. 


Archiv. ffir Hygiene 
Archives of Internal Medicine 

Archives intemationales de pharmacodynamic et de 
thereapie • • * 

Arcl^ives I^licnnes dc Biologic. Revues, R6sum6s 
Reproductions des Travaux Scicutifiqucs Italiens 
Archiv. fur Kindcrheilkundc * 

Archiv. for Mafhematik og Naturvidenskab 
Archiv. der Mathematik und Physik 
Archives of Medicine 
Sec Rayer 

Archives de medicine experimentale et d’anatomie 
pathologique 

Archives de Medecine Navale (et Coloniale) 
Archives dc Medecine et de Pharmacie Militaires 

Archiv. fur Mikroskopische Anatomic (iilftT Ivi»t- 
wickelungsgcschichte) • 

Archives des Missions Scientifiipics et Liktcraircs 
Archiv. fur Naturgeschichte 

Archiv. fnr die Naturkifnde I.iv-, I^hst- und Kiir- 
lands. Hcraiisgcgchen von der Dorpater Natur- 
forscher-Gesellschaft 

Archives Necrlandaises des Sciences Kxactes et 
Naturellcs publiees par la Societe Hollaiidaisc des 
Sciences a Harlem • 

Archiv. fur Ohrenheilkunde ^ 

Albrecht von Graefe’s Archiv fur Ophthalmologic 
Archives of Opthalmology and Otology 
Archives of Otology 
Archives de Parasitologic 

Archiv fur pathologische Anatomic und Physiologic 
uod fur klinische Medizin (Virchow’s) 

Archiv. der Pharmacie; Archiv des Apothekervereins 
im ndrdlichen Deutschland. 

Archiv^de Pharnmei og Chemi, Copenhagen 
Archives de Physiologic Normale ct Pathologique 
Archiv. fiir Psychiatric und Nervenkrankheiten 
Archives of Science and IVansactions of the Orleans 
County Society of Natural vScicnces 
Archivio per les scienze mediche 
BibJiotheque Universelle.' Archives des vScicnces 
Physiques et Naturellcs 
Archives of vScientific and Practical Medicine 
Archives Slaves de Biologic 
Archiv. fur Verdanungs-krankheiten 

Archiv. des Vereins fur geraeinschaftliche Arljeiten 
zur Fordenmg der wissenschaftlichcn Heilkunde 
Archiv. fur wissenschaftHchc und praktische Thier- 
heilkunde 

Archivio per la Zoologia, TAnatomia, e la Fisiologia 
Archives de Zoologie Experimentale et Generale 
Meraoirft de Physique et de Chiraie de la Societe 
d’Arcueil • 

Boletin del Institute Geografico Argentine 
, Argentine Patent • 

Anales de la Sociedad Cientifica Argentina 

* ■ 



i.xoi \JV AKiiKtiVIATIONS TO UTKRATURE 


xxxiii 


Arkiv. Kerah Mmerol. 
Geol. 

Arkiv. Math. Astron. 

Fysik • • 
Armagh Nat. Hist 8i Phil. 
Soc. 

.Arnis^nd Expl. 

.\nihcm. NaUutrk. 


Arras, Mem. Acad 
Arras, Mem. vSoc. Hov 
Art. J. 

^rtiz. 

Artus, Jahr. dkon Chenue 
Ai^nsf^liiprteljahressrhrjft 

• 

Ashmol. Soc. Proc 
Asiat Researches 
Asiot. Soc. J. 

Assoc. Franc. Coinpt rnu! 

• 

Assoc. Med. J 
Assiir.*Mag 

Astron Nachr. 

Astron. Soc. Mem 
Astron. Soc. Montli Not 

Afkropliys J. 

Atelier Phot. « 

Atonco Ital. 

Athenes Obs Ndt .•\nii 
Atlantis 

Atti. Accad Ilal 
.“VUi. accad. bincci 

Atti. Coll. Ing. Atcbit 
Atti inst. incoragg. 

Atti R. Accad. vSci Torino 
Atti Sci Ital. 

Atti Soc. Elvet. 

Aube, Mem. Soc. Agric, 

Augsb. Naturhist Ver. 

Ber. 

Auk 
Ausland 
Aust. P. 

Aust-Hung. P. 
Australasian Assoc. Rep. 

• 

Australasian J. Pharm. 
Australian Med. J. * 


.frkiv for Kemi, Mineralogi och Geojpgi 
Arkiv for Matticinatik Astronomi och Fysik 
See Irish Natlist 

t 

.'Krms and lixplosivc.s 

Natiiurkimde Tijdschnft, inlioudendc Phij.sica, 
Chcniie, Pharmacie, Natuurlijke Historie en I.ittera- 
tuur, uitgcgevcn van wegc liet Genootschap Tot viil 
en vernenoei^eti, te Arnhem 
Memoires de rAcademie d'Arras 
Memoircs de la Societe Rovalc d'-Anas 
The Art Journal 
The Arlizan (l.ondon) 

Jahrbucli fur okoiiomisclie Chvmic, etc 
\’jcrtclialiressclirift fur U'chnische Clicmic, band* 
wirthschaftliohc Gewerbe, l-abrickwesen niid Ge* 
U'crbctreilx'nde iibcrhaiipt 

.\l)str!icts of tlio Proccctlings of the Aslimolcan So* 
• ciety 

Asiatic Researches; or Transactions of the {Bengal) 
Society 

Journal of the Royal Asiatic Society 

Association hVancaise po\ir ravancement des Sciences. 

Coinptes Hendus 
See Med. Assoc Jouiii. 

The Assurance Magazine (and Journal of the Institute 
of Actuaries) 

Astrononusche Nachriehten 
Memoirs of tlie Astronomical Society of bondoii 
Monthly Notices of the Astronomical Society of 
boiidon 

Astrophysical Journal 
Atelier des I'hotographcn 
b’Ateneo Itahano 

.-\niiales de I'ObseA^atoire National d'Atlienes 
The Atlantis, or Regtslcr of bitcrattirc and Science 
.Atti (leirAccadeinia Juliana di Scienze 
Atti della reale accademia dei bincei, rendiconti, 
classo di scieiue Jisichc, mathematichc c naturali 
Atti de Collegio <i<gli Ingegneri cd Architetti in Milano 
Atti del R iiistitulo (riucoraggiamento di Napoli, 
Naplis, Italy ♦ 

Atti della Rcalc Accademia della Scienze di Torino 
Riunioiie degli Scienziati Italiani 
Atti della Socicta hilvctica dcllc Scienze Naturali 
Mernones de la Societe d'Agriculturc# des Sciences, e 
des betties du department de I’Aube ^ 
Berichte des Nairnhistorischen Vercjfi^ln Augsburg 

The Auk A Quarterly Journal of Ornithology 
Das Ausland 
Austrian Patent • 

Aust» 0 'Hungarian Patent 

Report of the . .Meeting of the Australasian Associa¬ 
tion for the Advancement of Science 
Australasian Journal of Pharmacy, Melbourne 
Australian Medical Journal ^ 
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Australia Med. I^c. Medical Records of Australia 

Australian P. Australian*?. « 

Australian ?5ugar J. Australian Sugar Journal 

Autun, Mem. vSoc. Kduenne Memoircs dc la Sodete Pvduennc 
Auvergne, Ann. Sci. Annales vScipntifiques, Littcraires, ct Industrielles de 

* TAuvergne 

Auxerre, Hull. vSoc. Sci. Bulletin de la Societe des Sciences Hisloriqvc.s ct 
Naturclles dc**rVonne 

Badischen Aerzt. Vorein. Mittlicilungen des Badischen ar/.lliclicn Vercins 
•^Mittii. 

Ball. P. Bahamas Patent 

Ballenstedt, Archiv. Archiv fur die ncucstcn liiitdeckungen aus der Urwelt 

Ballot, Mag. Landbouw. Magazin voor Landbouw eii Kruidkunde 
Baltimore Med. Phys Re- Baltimore Medical and Physical Recorder 
cordcr 

Bamb. Naturf. Gcs. Per. Bcricht der naturforschcndcii Gcscllschaft zu Bamberg 
Barb. P. Barbados Patent 

Barcelona Acad. Bol. Boletin de la Real Academia dc Cicncii^s y Artes de 

Barcelona 

Barcelona Acad. Mem. Meinorias de la Real Academia de Ciencias Naturalcs 
y Artes dc Barcelona • 

Barrow r'icld Club Report Barrow Naturalists’‘Field Club and Literary and 
.Scientific Association. Annual Report and Pro¬ 
ceedings 

Basel, Ber Bericht uber die Verhandlungen der Naturforschenden 

Gescllschaft in Basel * 

Batavia Gcnootsch Verb. Verhandlingen van het Bataviaasch Genootschap der 
Kunsten en Wctenschappen * 

Batavia, Natuur. Arcluef. Natuur- cn Cienecskundig Archief voor Nederlandsch- 
Jndie 

Batavia, Natuurk. Tijdsclir. Natuurkunclig Tijdschrift voor Nederlandsch-Indie, 
intgegeven door de Koninklijke Natuurkundige 
Verccniging in Nederlandscli-Indic 

Batavia, Notulen Notnlcn van de Allgemeene cii Bestmirs-VergatRr- 

iiigcn van het Bataviaas«h Genootscliap van Kuii- 
sten^cn Wetenschappen 

Batavia Obs. Obsns. Observations made at the (Royal) •Magnetical and 

Meteorological Observatory at Batavia 

Batavia, Tijdschr. Tijdschrift voor Indische Taal-, Land-, cn Volken- 

' kunde 

Batavia, Verb. Natuurk. Verhandlingen der Natuurkundige Verccniging in 

Vereen. Nederlandsch-Indie * 

Bath Micro. Soc. I\Iinutes Extracts from the Minutes of tlie Bath Microscopical 
Society 

Bath Natur. Ilist. Club. Proceedings of the Bath Natural History and Anti- 
Proc. quarian Field CMub 

Bath Soc. AJric. Letters Letters and Papers of the Bath and West of England 

Society for the Encouragement of Agriculture, 
Arf'ts, Manufactures, and Commerce 
Baugew. Ztg.** . Baugewerks-Zeitung 

Baumgartner Zts. Zeitschrift fur Physik, Mathematik, und verwandte 

Wissenschaften 

Bayer. Gewerbcztg. Bayerische Gewerbezeitung 

Bayer. Kunst. Gewcrbebl. KunstftidGewerbeblatt (Polctcclm. Verein Konigreich 

Bayern) • 

Bayer, Landw. Ver. Erg. Ergebnisse landwirthschaftlicher und agrikulturchemis- 

chcr Versuche an der Station des Generai-Comite 
des Bayerischen Landwirthschaftlichen Vereines in 
Miinchen 
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Bayeux, Mcin, Soc. Agric. 
Bd. Trade J. 

Beauvais, Sort Afcad. Mem. 

Beitr. Anat. Physiol 
BeiV- Anthropol. Bayems 


Beitr. Biol. Pflaiiz. 
Beitr. Geophys. 


Beitr. Kryptog. vSchweiz 
>Beitr. Mecklenb. Acrzte 

icitr. Morpliol. 


Beitr. Nattirk. Prcusscns • 


Beitr. Palaont. Oesterr.- 
Ung. 

Bcitr.,Path. Anat. 


Beitr. Physiol. Morphol. 

Beitr. Russ Reich. 

^^clfast, Clin. Soc. Trans. 

Belfast Field Club Rep.. 

Belfast Naturt Hist. Soc. 
Proc. 

Bclg. Horticole 
Bclg. P. 

Bengal Asiat. 9oc. J. 
Bengal Asiat. Soc. Proc. 
Bengal Govt. Records 

Bengal, Phot. Soc. J. 

Ber. 

Ber. deut, bot. Ges. 

Ber. pbarm. Ges. 

Ber. phys. Ges. 

Ber. Sachs. Ges. Wiss. 

Ber. Veter. Kouig. Sach. 

Berg.«Huttenm. Jahr. 

Berg. Huttenra. Zte. 


Memoires de la Soqcte d'AgricuItprc, Sciences, Arts, 
et Belles-lettres de Bayeux 
Board of Trade Journal • 

Mcrtioires de la Socicte Acadeinique d’.Archcologic, 
Sciences et Arts du Department de I'Oisc 
See Jvckhar8 

Beitrage zur Anthiopologic und Urgesehichte Bayerns. 
Organ der Munchener Gesellschaft ftir Anthro¬ 
pologic, Ethnologic und Urgesehichte 
Beitrage zur Biologic der Pflanzen 
Beitrage zur Geophysik. Abhandluiigen aus dein 
Geographischeii Seminar dor Univotsitat Strass- 
burg. Beitrage zur Geophysik. Zeitsclirift fur 
Pliysikalische Hrdkunde 
Beitrage zur Kryptogamcnilora dcr Schweiz 
Beitrage Mccklenburgischer Acrzte zur Medicin und 
Chinirgie 

Beitrage zur Morphologic und Morphogenic. Unter- 
suchungen aus dem Anatomischen Iiistilut su 
Erlangen 

Beitrage zur Katurkunde Preus.scns. Hcraiisgegel^en 
• YOU der Rbniglichen Physikalisch-Oekonoimschen 
Gesellschaft zu Komgsl)erg 
Beitriige zur Palaoutologie Oestcrrcich-Ungarns und 
des Orients 

Beitrage zur Pathologisclion Anatomic und Idiysio- 
logie. Beirtage zur Pathologischon Anatomic und 
zur Allgemetnen Pathologic 
Beitrage zur Physiologic und Morphologic Niederer 
Organismen. 

Beitrige zur Kenntni.ss dcs Russischen Reiches und 
der angrenzenden Edndcr Asiens 
Transactions of the Clinical and Pathological Society 
of Belfast 

Annual Reports and Proceedings of the Belfast 
Naturalists’ Field Club 

Proceedings of*thc Belfast Natural History and 
Philosophical Society 

I.a Belgique Horticole. Aunales dc Botanique et 
d'Horticulture 
Belgian Patent 

Journal of the Asiatic Society of Bengal 
Proceedings of the Asiatic vSociety of Bengal 
Selections from the Records of the Bengal Govern¬ 
ment 

Journal of the Photographic vSociety of Bengal 
Bericlite dcr Dcutschcn ChcmisciictI Ge.scllschaft, 
Berlin • 

Berichte der deut^hen botanischen Gesellsghaft 
Bcrichte dcr deutschen pharm;^oAischen Gesell- 
schaft 

Berichte der deutschen physikalisclien Gesellschaft 
Berichte fiber die Vcrhandlungcn dcr Konigl. Sachs. 

Gesellschaft #er Wissenschaften zu Leipzig 
Befichte uber das Veterinaruesen ini Konigrcich 
Sachsen 

Berg- und huttenmanni%:hes Jahrbuch 
Berg- und hiittenmannische Zeitung 
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Bergens Mus. Aari^ ricrgens Museums Aarlfcg for... Af^andlingcr og 

Aarsberetning ud^ivue af Bergens Museum 
Berggeist • Dcr Berggeist 

Berghaus, Ann. Annalen der Erd-, V*lker- und Staattnkmde 

Berghaus, Zts. Erdk. Zeitschrift fiir vergleichende Erdkunde 

BerRn Afrik. Ges. Mitlh. Mitthbilungeft der Afrikanischen Gesellschaft in 

Deutschland ^ 

Berlin Akad. Abh. Abhandlungcn d^r k. Akademie der Wisseuschaften 

zu Berlin 

Berlin Akad. Monatsber. Monatsberichte dcr k. Preussischen Akademie der 
Wissenschaften zu Berlin 

Berlin Akad. Sitzber. vSitzungsberichte der Kdniglich Preussischen Akademie 

dcr Wissenschaften zu Berlin 
Berlin Ann. Telegr. Annalen der Telegraphic 

Berlin Astron Jahr. Berliner Aslronoinisches Jahrbuch 

Berlin Bot. Gartens Jahr Jahrbuch des Koniglichen Botanischen Gartens und 
des Botanischen Museums zu Berlin 

Berlin Bot. Gartens Notizbl. JIBtizblatt des Konigl. Botanischen Ggirtens und 
Museums zu Berlin ^ 

Berlin Ent. Ges. See III. Wschr. Ent. 

Berlin Entom. Zts. Berliner Iviitomologische tZeitschrift; herausg. von 

dem Entomologischen Verein in Berlin 
Berlin Ges. Anthrop. Verh See Ztschr. Ethnol. 

Berlin Ges. Erdk. Verh. Verhandlungen der Gesellschaft fur I^rdkunde zu 

Berlin 

Berlin Ges. Erdk. Zts. See Berlin Zts. Erdk. 

Berlin Ges. Geburtshlf See Zts. Gcburtshlf. Gyiiak. 

Gynak. • 

Berlin Ges. Naturf. Preuiulc Magaziii der Gesellschaft Naturforschender Kreunde 
Mag. zu Berlin, fur die neuesten Entdeckungen in der 

gesammten Naturkunde 

Berlin (»es. Naturf. I'rcunde Neue Schnften derGcsellschaft Naturforschender 
N. Schr. hTeunde in Berlin 

Berlin Ges. Naturf. Ereunde Verhandlungen der Gesellschaft Naturforschendei 
Verh. Kreunde zu Berlin „ 

Berlin Ges. Psychiatr. Sec Arch. Psychiatr. 

Berlin Gcsuiidheitsamt Biol. Arbeitei aus der Biologischcn Abtheilung fur Land- 
Abth. Arb. und Forstwirthschaft am Kaiserlichen Gesund- 

heitsanite 

Berlin Ind. Ztg. Indu.strie Zeitung, Berlin 

Berlin Jahr. Pharm Berlinisches Jahrbuch fur die Pharmacie und fiir die 

damit verbundenen Wissenschaften * 

Berlin Klin. Wochenschr. Berliner klinische Wochenschrift 
Berlin Mem. Acad. ^ Memoires de I'Acadeinie Royale des Sciences de 
Berlin 

Berlin Mitth. Ges. Naturf Mittheilungen aus den Verhandlungen der Gesell- 
i. schaft Naturforschender Freunde zu Berlin 

Berlin Monatsben Monatsberichte der K. PreusW Akademie der Wissen- 

schaften zu Berlin 

Berlin Xlonat!U)er. Ges. MonaUberichte uber die Verhandlungen der Gesell- 
Eidk. ‘ schaft fiir lirdkunde zu Berlin 

Berlin Naturf. Freunde Sitzungs-Berichte der Gesellschaft Naturforschender 
Sitzber. Freunde zu Berlin 

Berlin Neue Zts. Geburtsk. Neue Zqitschrift fiir Geburtskunde 
Berlin Physiol. Ges. Verh. See Arch. Anat. Physiol 

Berlin Physik. Reichsanst. Wissenschaftliche Abhandlungcn der Physikalisch 
Abh. Technischen Reichsanstalt ^ 

Berlin Verh. Med. Ges. Verhandlungen der Berliner medicinischen Gesell- 
schaft * c 
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Berlin Zool. Mus. Mitth. MittheiTungen ,aus der Zoologisclien Suminliing dcs 
Museums fiir Naturkunde in Berlin * 

Berlin Zts. ErdE • Zeitsclrift der Gesellschaft fiir Erdkunde zii Berlin 

Berlin Mitth. Mittheilungen der Naturforschenden Oescllschnft in 

Bern • 

Berwick. Natur. Club Hist. History of the Berwickshire Naturalists’ Club 
Berz. Jahr. Chera. Berzelius Jahrcsberichte dcr Cheniie 

Besancon, Mem. Soc. Emul. Mempires ct Comptes Rendus de la .Socicte (Libre) 
d’Emulation du Doiibs 

Besancon, Seances Piibl. Seances publiques de I’Acadeiuie des Sciences, Arts, 
et Belles-Lettres de Besancon 
Beton Eisen Beton und Kisen 

Betteravc Betterave 

Beziers Soc. Sci. Bull. Bulletin de la Soci4t6 d’Ktude des Sciences Nnturelles 
de Beziers 

Bign^Wi»Rep,Ital. Repertorio Italiano Per la Storia Naturalc 

Bihl. Anat. ' Bibliographic Anatomique. Revue dcs Travaux en 

languc francaise. Anatomic. Histologic, l^nibryo- 
ologte. Anthropologic 

Bibl. Bot. Bibliotheca Botanica. Abhandlungen aus dein 

Gesammtgcbiete dcr Botanik 

Bibl. Brit. Bibliotheque Britannique, ou Rccueil extrait des 

Ouvrages Anglais periodiques et autres; partic dcs 
Sciences et Arts 

Bibl. Itq^. Giomale dell’ I. R. Istituto Loingardo di Scienzo, 

Lettere cd Arti, e Bibliokca Jtaiiana 

Bibl Math. Bibliotheca Mathematica. Zeitschrift fur Gcschichte 

der Mathematik. Journal d’Histoirc dcs Mathc* 
matiques. Bibliotheca Mathematica. Zeitsclirih 
fur Geschichte der mathematischen Wisscnschafteu 
Bibl. Univ. Bibliotheque Universelle des Sciences, Archives dc.s 

Sciences Physiques et Naturelles 
Binl. Zool. Bibliotheca Zoologica 

Bied. Zentr. Biedermann’s Zentralblatt fiir AgriktiUurchemie und 

rationellen Landwirtschafts-Betrieb 
Bierbrauer • Der Bierbrauer * 

Bijdr. tot de Dierkunde Bijdragcn tot de Dierkunde 

Biochem. Bull. Biochemical Bulletin 

Biochem. J. The Bio-Chemical Journal 

Biochem. Zentr. Biochemisches Zentralblatt, Leipzig 

Biochem. Zts. • Biochemische Zcitschrift 


Biol. Bull. Biological Bulletin 

Biol. Zentr. Biologisches Zentralblatt 

Biophys. Zentr, Biophysikalisches Zentralblatt, Leipzig 

Birmingham Natur. Hist. & See Midland Natlist Trans. 

Micro, Soc. Trans, 

Birmingham Phil. Soc. Proc. Proceedings of the Birmingham Phildophical Society 
Blankenburg, Ber. Berichte des Natupvisscnschaftlichcn Vereijs des 

Harzes zu Blankenburg , •• 

Blatter Blech-Arb, Deutsche Blatter fiir Blecharbelter 

Blatter Kunstgew. Blatter ffir Kunstgewerbe 

Blatter Zuckeiriib, Blatter fur Zuckernibenbau 

Bleekrode, Nieuw Tijd- Nicuw Tijdschrifhigewijd aan alle takken van Volk- 
schrift sviiit, Nijverheid, Landbouw, Mijnwezeii, Handel, 

Spoorwegen, Telegraphic en Scheepvaart 

Biois, Mem. Soc. Sci. Memoires de la Soci6t^ dgs Sciences ct des Lettres 
de Blots 

Biois, Sec. Loir ct Cher Memoires de la Soci4t4 des Science j- 

► Mem. ^ Loir et Cher* 
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Bocrhaave 
Bohm. Ges» Abh. 

Bohm. Gcs. Wiss. Jahr. 

llbhm. Moiiatschr. Gcs. 

Mils. 

Bol. P. 

Boll. chim. farm. 

Bc4l. estac. a^r. Ciudad 
Juarez 
Boll. inK(‘n. 

Boll. Natur. Siena 

Bologna Accad. Sci. Mem. 

Bologna, Mem. Inst. Naz. 
Ital. 

Bologna, Mem. Soc. Med. 
Bologna, Mem. vSoc. Med. 
Chir. 

Bologna, Nov. Comment. 

Bologna, Opusc. 

Bologna, Opusc. Sci. 
Bolognqi, Opusc. Sci. N. Coll. 
Bologna Rend. 

Bombay, Agric. Hort. Soc. 
Proc. 

Bombay Govt. Records 

Bombay, Med. Phys. vSoc. 
Trans. 

Bombay Natur. Hist. Soc. 

J. 

Bombay, Roy. Asiat. Soc. 
J- 

Bone, Acad, llippone Bull. 
Bonn, Corresp. Blatt Nat. 
Hist. Vei. 

Bonn, Niedyrhein. Ges. 

Sitzber. • 

Bonn, Untersuch. Physiol. 
Lab. 

Bonn, Veih. Naturhist. 

Vcr. t 

Bonpl^ndia 

Bordeaux, •♦Acad. Sci. 

Seances Publ.‘ 

Bordeaux, Actes Acad. Sci. 

Bordeaux, J. Med. 
Bordeaux, J. Med. Prat. 

Bordeaux, Mem. Soc. Med. 
Chir. 

Bordeaux, Mem. vSoc. vSei. 
Phys 


Boerhaave 

Abhandlufigeir der Kdniglicli B6hmischen Gesell- 
schaft der Wissiyischaften ^ 

Jahresbericht der kdnigl. bohm. Gesellschaft der 
Wissc^sc<iaften 

Monatschrift des Gesellschaft dcs Vaterl.in<liseheii 
Museums in Biihmen 
Bolivia Patent 

Bolletino chimico farmaccutico, Milan 
Boletin de la cstacion agricola experimental dc Ciudad 
Juarez 

Boletin de ingenieros 

Bollettino del Naturalista Collettorc, Allcvatorc, 
Coltivatore . 

Memorie della (R.) Accademi dellc Scienze d^’"' 
Istituto di Bologna 

Memorie dcU’Istituto Nazionalc Italiano 

Memorie della Socicta Medica di Bologha 
Memorie della Socicta Medico-chinirgica di Bologna 

Novi Commentarii Acadcmiac »Scicntiarum Tiistituti 
Bononiensis 

Opuscoli della Socicta Mcdico-chirtirgica di Bologna 
Opuscoli Scicntifici 

Nuova coliczione d’Opuscoli .Scicntifici * 
Rendiconto delle Scssioni dell’ Accademia ReUe dclle 
vSeienze delT Istituto di Bologna 
Proceedings of the Agricultural and Horticultural 
Society of Western India 

Selections from the Records of the Bombay Govern¬ 
ment 

Transactions of the Medical and Physical Societj* of 
Bombay ^ 

The Journal of the Bombay Natural History Society 

The Journal of the Bombay Brandi of the Royal 
Asiatic SoAety 

Bulletin de I’Acadcmie d’Hipponc 
Corrcspondenzblatt des Natiirhistorisclicn Vereiiis fiir 
.Rheinland und Westp^alcn • 

Sitzungsberichtc der Nicdcrrhcinischcn Gesellschaft 
fiir Natur- und Heilkunde zu Bonn 
Untersuchungen aus dem physiologischcn Labora- 
torium zu Bonn 

Vcrhandlungen des Naturhistorischen Vereins dcr 
Preussischeii Rheinland(^und Westphalens 
Bonplandia 

Sednees publiques de I'Academie Royale des Sciences, 
Belles-Lettres, et Arts de Bordeaux 
Recueil des Actes de I’Academie des Sciences, Belles- 
Lettres, ct Arts de Bordeaux 
Jountfti de Mcdecine de Bordeaux 
Journal de Medeci^ pratique, ou Recueil desTravaux 
de la Soci6t4 de Medecine de Bordeaux 
Memoires et Bulletins de la Soci6t4 Medico- 
Chinirgtcale des Hopitaux et Hospices de Bordeaux 
Memoires de la Soci6t6 des < Sciences Phyjsiqucs et 
Naturflles de Bordeaii)^ 
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Bordeaux; Swi Linn. Actes Actcs de la Soci^t^ Linneenne de Bordeaux 
Bordeaux, Soc Linn. Bull. Bulletin d’lljstoire Naturclle de la Socl^t^ Linnccnne 
Bordeaux , 

Bordeaux, So8. Med. Mem. Merfioires et Bulletins de la Sock‘t6 de Mcdccinc et 
de Chirargie de Bordeaux 

Bordeaux, Soc. Sci. P.-V. Proces-Verllaux des Seanee.s de la Soci^t^ des Sciences 
• Physiques et Naturelfes de Bordeaux 

Bomemann. Der Ingenieur Der Ingcnieur 

Boston J. Phil. The Boston Journal of Philosophy and the Arts 

Boston J. Natur. Hist. Boston Journal of Natural History 
Boston Med. Surg. J. Boston Medical and Surgical Journal 

Boston, Mem Amer. Acad. Memoirs of the American Academy of Arts aud 
Sciences 

Boston, Mem. Natur. Memoirs read before the Boston Society of Natural 
Hist. vSoc. History 

'^^ton Pap. Soc. Natur. Occasional papers of the Boston Society of Natural 
• History 

Boston, Proc. Natur. Hist. Proceedings of the Boston Society of Natural History 
Soc. • 


Boston Soc. Med. Sci J. 
Bot. Centr. 

Bot. Centr. Reihcfte 
Bot. Cong. Proc. 

Bot. Caz. 

Bot,Jahr. (Kngler) 

Bot. Mag, Tokyo 
Bot. Notiser 
Bot Tidsskr. 

Bot. Untersuch. 


Bot. Untersuch. (BrefeW’s) 

Bot. Ver. GesSmtthtiringen 
Botaii. Ztg. 

Bot. Zentr. 

Botaniste 


Journal of the Boston Society of Medical Sciences 
Botanisches Centralblatt. Referirendes Organ filr das 
Ge«immtgcbiet der Botanik des In- uiid Auslandes 
Beihefte zum Botanischen Centralblatt 
The International Horticultural ICxhibition and 
Botanical Congress- Report of Proceedings 
The Botanical Gazette 
Botanische Jahrbuchcr, Tangier, Leipzig 
The Botanical Magazine, Tokyo 
Botaniska Notiser 

Botanisk Tidsskrift udgivet af den Botaniske Porening 
i Kjobcnhavn 

Botanische Unter.suchungen aus dem Physiologischen 
Laboratorium dcr landwirthschaftlichen Lehranstalt 
in Berlin 

Untersuchungen aus dem Gesammtgebiete dcr 
Mykologie 

See Jena Geogif Ges. Mitth. 

Botanische Zeitung 
Botanis^es Zentralblatt 
Lc Botaniste 


Bouchardat, Archiv. 

Boue, J. Geol. 

Boulogne, Mem. Soc. Agric. 

Bourse cuirs Liege 
Brandenb. Bot. Ver. Verb. 

Brass World 
Braunk. 

Braunschw. Ver. Naturwiss. 

Jahr. 

Braz. P. 

Bremen Abh. 

Brenn. Ztg. 

Brei^, Giom. Med. Prat. 
Brera, Nuovi Comment. 


Archives de Physiologic, de Therapeutitiue, et 
d’Hygienc 
Journal de Geologic 

Memoires de la vSocia4 d^Agriculture, etc., de 
Boulognc-sur-Mer 

Bourse uux cuirs de Liege, bulletin hebdomadaire 
Verhandlutigen des botanischen \^rems fur die 
Provinz Brandenburg ^ 

Brass World and Platers Guide, The 
Braunkohle * 

Jahresbericht dcs Vercins fiir Katurwisscnschaft zu 
Braunschweig 
Brazilian Patent 

Abhandlunger.'Aerausgegeben vom Naturwissenschaft- 
•lichen Verein zu Bremen 
Brennerei Zeitung 
Giomale di Medicina J^atica 
Nuovi Commentari di Medicina 
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Brescia, Comment. Ateneo 
Breslau, Ann.*Klin. Inst. 
Breslau. Bot. Garten Arb. 

it 

Breslau, Gcwcrbcbl. 
Breslau, Jahr. vSchles Ver. 
Borg. 

Breslau, Scbles. Ge?, 
Jahr. 

Breslau, StiuJicii J^liy.stol. 
Inst. 

Breslau, Zts Klin. Metl. 
Brest vSoc Acad Bull. 
Brewers J. (Lon.) 

Brewers J., N. 

Brick 
■Brick J. 

Brick and Clay Record 
Brighton, Broc. Natur. 
Hist. 8oc. 

Bristol Proc. Nat. Soc. 

Brit. Assoc. Rep. 

Brit. Clay Worker 
Brit. I'ood J. 

Brit. For. Med. Chir. Rev. 
Brit. Inst P\d)l Health 
Brit. J. Almanac 
British J. Dent Sci. 

Brit. J. Phot. 

Brit. Med. J. 

Brit. Mycol. Soc. Trans. 

Brit. Pliarm. Confer. Proc. 
Brit. I'harni. Confer Trans. 


Brit. Colon. Drug. 

Brit. Guiana Agr. Soc. 

Brit (Uliana P. 

Brit. Hond. P. 

Brooklyn Bntom. Soc. 
Bull. 

Broschc, Zt.s. 

Broussais, Ann. 

Brown Seqiiard, J. I’hysiol. 
Brugiiatelli, Gioni. 

' Brunn VerK. 

Bnix. Acad. Bull. 

Bru.x. Acad. Cent. Auniv. 

Bnix. Acad. Med. Belg. 
Bull 

Brux. Acad. Scd. Mem. 


Commentarj della Accadetnia di Scien:^e, Iiettre, ed 
dell'Ateneo di Brescia 

Annalen des* Klinisch-chirurgischen Tnstituts auf der 
Universitat zu Breslau • • 

Arbeiten aus dein Konigl. Botanischen Garten zu 
Breslau • 

Breslauer (iewerbeblatt , 

Jahrbuch des Schlesischen Vereins fiir Berg* uud 
Huttenwesen 

jahresberiebt dcs AkademischeiJ Naturwissenschaft- 
lichen Vereins zu Breslau 
Studicn dcs Physiologischcn Instituts zti Breslau 

Xeitschrift fur Klinische Mediciii 
Bulletin de la Society Academique do Brest 
Brewers Journal and Hop and Malt Trades Review 
The (London) 

Brew'crs Journal, New York 
Brick 

Brick, Pottery and Glass Journal 
Brick and Clay Record • 

Reports and Abstracts of the Proceedings of the 
Brighton ainl Sussex Natural History Society 
Proceedings of the Bristol Naturalists' Society 
Report of the Meetings of the British Association for 
the Advancement of Science 
British Clay Worker, The 
British Food Journal 

British and foreign Medico-Chirurgieal Revie w 
See J. State Med. 

British Journal of Photography Almanac 
The British Journal of Dental Science 
British Jbumal of Photography 
British Medical Journal 

The British Mycological vSocic<y 'Iransactions 
F’roceedings of the British Pharmaceutical Conference 
Year Book of Pharmacy, comprizing .\bstracts of 
Papers. With the Transactions of the British 
Pharmaceutical Conference 
British and Colonial Druggist, London 
Sec Tiinehri 
British Guiana Patent 
British Hondurtis Patent 
Bulletin of the Brooklyn Entomological Society 

Zeitschrift fur Natur- und Heilkunde 
Annales dcs la Medicine Physiologique 
Journal de la Physiologic de I'Homme ct dcs Aniiiiaiix 
Giomale di Fisica, Chimica, e Storia Naturale 
Verhandltingen dcs Naturforschenden Vefcines in 
Brunn 

Bulletins de I’Academie Royale des Sciences, etc., de 
Belgique 

Centierae nniversaire de Foundation de PAcademie 
Royale de Belgique ^ 

Bulletin de 1'Academic Royale de Medecine Belgique 

N^uveaux mcrnoircs de I'Academie Royale, des 
Sciences et Belles-lettres de Bruxelles 
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Brux. Acfes Spc. Med. 
Brux. Ann. Soc. Entom. 
Beige 

Brux. Ann. S^.^alacol. 
Brux. Ann. Trav. Pub. 
Brux. Ann. Univ. Belg. 
BruK. Bull. Beige Phot. 
Brux. Bull. Soc. Bot. 

Brux. Congr. Bot. Act. 

Brux. Congr. Bot. (C. R.) 

Brux. J. Med. 

J. Soc. Centr. Agric. 

Brux. Mem. Couronn. 

Brux. Mus. Congo Ann. 

• 

Bnix. Mils. Hist. Nalur. 
Ann. 

Brux. Mus. Hist. Natur. 
Bull. 

Brux* Mus. Hist. Natur. 
A^em. 

Bnix. Soc. Agric. Journ. 

Brux. Soc. Beige Micro 
Ann. 

Brux. Soc. Beige Micro. 

« Bull. 

Bnix. Soc. Kntoin. Aim. 
Brux. vSoc. Entom. Mem. 
Brux. Soc. Linn. Bull. 

Brux. Soc. Scf 
Brux. Soc. Sci. Ann. 
Bucarcst. Acad. Rom Anal. 
Bitcarest Soc. Sci. Bui. 


Bucliholz 
Buda, Evkdnyvci 

Buda, Palyainunkak. 
Buda» Tudomanytar. 

Buffalo Bull. 

Builder 

Buitenzorg Inst. Bot. Bull. 

Buitenzorg Jard. Bot Ann. 
Bull. Acad. Med. 

Bull. Acad. roy. Belg. 

Bull? Acad. Sci., Cracow. 


Actes de la Soci4t6 Medicale de Bpixelles 
Annales de Ij Soci^t^ Entomologique Beige 

Anifhles de la Soci6t6 MalacologKjue de Belgique 
Annales des Travaux IHiblics <le Belgique 
Annales des Univorsites do Belgique 
Bulletin Beige de la Photographic 
Bulletins de la Soci^td Koyalc de Botaniifue de 
Belgique 

Actes du Congres de Botanuiuc horticole rcuiii a 
Bruxelles 

Congres de Botanique ct d'Horticulturc dc ISHO term a 
Bruxello.s 

Journal de Mcdecine, de Chinirgie, ct de Pliarmu- 
cologie 

Journal de la Soci<:le Ceniralc d’Agriculture de 
Belgique 

Memoircs Couronnes ct Memoires des Savants 
Hntrangers 

Jitat Independant du Congo. Annale.s du Musce du ’ 
Congo, publiees par ordre du Secretaire il’lvtat 
Annales du Musec Boyal d'Historic Naturelle de 
Belgique 

Bulletin du Musee Royal d’Histoire Naturelle de 
Belgique 

Memoires du Musce Royal d'Histoire Naturelle de 
Belgique 

Journal de la Soci6t<* Ceniralc d’AgricuUiire de 
Belgique 

Annales de l.i .Soci^t^ Beige de Microscopic 

Bulletin (<les Seances) de la Soci6l6 Beige dc 
Microscopie 

Annales de la Soci6t6 Entomologiijiie dc Belgi(ji!e 
Memoirts de la vSoci6te Entomologique dc Belgique 
Bulletin de la vSoci^t6 Linneenne dc Bruxelles 
vSee Rev. Ques^ Sci. 

Annalcs^dc la Socil’t^ vScienlifique de Bruxelles 
Analelc Acadcmiei Romane 

Bulctinul Socictatii de Sciintc (Bizice, Fixica, Chiinia ni 
Mincralogia) din Bucurcsci-Romania. Bulletin de 
la Society dcs Sciences, Bucarcst-Koumanie 
See Annab.'Buchh. Vcr. Nat. Tl)cr. 

A' Magyar Tudos Tarsasag’ llvkonyvei {Year Books 
of the Hungarian vScientilic Association) 
Termeszettudomanyi Palyamunkak 
Tudomanytar Kbzre boesatja a' Magyar Tudos 
Tarsasag • 

Bulletin of the Buffalo Society of Natural ikiences 
The Builder ^ *♦ 

's Lands Plantentuin. Bulletin de*lTnstitut Botanique 
de Buitenzorg 

Annales du Jardin Botanique de Buitenzorg 
Bulletin of tbo^cademy of Medicine 
Aftademie royale de Belgique; Bulletin de la Classes 
des Sciences 

Bulletin international TAcademie des Sciences de 
Cracovie 
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• « 

Bull. Acad. Sci., Pc^rograd 

Bull. Amer.t Inst. Min. 
Bng. 

Bull. Araer. Pharm. Assoc. 
Bull, assoc, chim. suer, 
dist. 

Bull. Bur. Agric. 

Bull. Bur. Chem. U. vS. 

Dept. Agric. 

Bull. Bur. Mines 
Bull. Bur. vStandards 
Bull. Col. School Mines 
Bull. Dept. Agric. Jamaica 
Bull. Dept. Agric. Trinidad 

Bull. Geol. Inst. Univ. 
Upsala 

Bull. Geol. Soc. Ainer, 

Bull. Hyg. Tab. 

Bull. Imp. Inst. 

Bull. Iron Assoc. 

Bull. Johns Hopkins IIosp. 
Bull. Mass. Inst. Tech. 

Bull. Med. Beige. 

Bull. Musee 
Bull. Pharraacie 
Bull. Pharmacy 
Bull. Pharm. Sud-cst 
Bull. Sci. Prance Belg, 

Bull. Sci. Nord 

Bull. Sci. pharmacolog. 
Bull. vSoc. Bot. Prance 
Bull. Soc. Bot. Belg. 

Bull. Soc. Chim. 

Bull. SoCv Chim. Belg. 

Bull. Soc. luicourag. 

Bull. Soc. franc. Mineral. 
Bull. Soc. franc. Phot. 

Bull. Soc, geol. Prance 
Bull. Soc. Ind. Amiens'^ 
Bull, Soc, Ind. Marseille 
Bull. Soc. Ind. Minerale 
Bull. Soc. Ind. Mulh. 

Bull. Soc. Ind. Nord 
Bull. Soc. Ind. Rouen 
Bull Soc, ‘mternw.+l. elect. 
Bull. Soc. Med. Amiens 
Bull. Soc. med. Gand 
Bull. Soc. Mycol. 

Bull. Soc. pharm. Bord. 
Bull. Soc. phot. Belg. 

Bull. Soc. Romane Stiin. 
Bull. Soc. roy. pharm. 

Bull. Soc. sci. mcd. Rennes 


Bulletin de I’Academie fmperiale des^, ^fences dt 
Petrograd 

i?u//ef/n American Institute of Mining Engineers 

9 ( ' 


Bulletin of the American Pharmaceutical Association 
Bulletin de ^’association dcs chemists de sucrerie 
distillerie de 1‘Vance < 

Bulletin of the Bureau of Agricultural Intelligence and 
of Plant Di.scases 


Bulletins, Bureau of Chemistry, U. S. Department of 
Agriculture 

Bureau of Mines Bulletin, Department of the Interior 
Bulletin of the Bureau of Standards 
Bulletin of the Colorado School of Mines 
Bulletin of the Department of Agriculture. Jamaica 


Bulletin of Agricultural Information, Department^ 
Agriculture, Trinidad * • 


Bulletin of the Geological Institute of the University 
of Upsala 

Bulletin of the Geological Society of America 
Bulletins of the Hygienic Taboralory, United States 
Public Health and Marine Hospital Service 
Bulletin of the Imperial Institute, Tondon 
Bulletin of the American Iron and Steel Association 
Bulletin of Johns Hopkins Hospital 
Bulletin of the Massachusetts Institute of Technology 
Bulletin Medical Beige. ^ 

Bulletin du Musee de I’industrielle de Belgique 
Bulletin de Pharmacie 
Bulletin of Pharmacy 

Bulletin de Pharmacie du Sud-est, Montpellier 
Bulletin Scientifique de la Prance ct de la Belgique 
Bullctih Scientifjque, Historique et Titteraire du^ 
Department du Nord et des pays voisins 
Bulletin des Sciences pharmaoologiqucs 
Bulletin de la Soci^te Botanique de Prance 
Bulletin 6e la Soci^td Royale de Bolanlqfte de Belgique 
Bulletin de la Societd Chimique de Prance 
Bulletin de la vSocidtd Chimique de Belgique 
Bulletin de la Socidtd d’Kncouragement 
Bulletin de la Socidtd Prancaise de Mineralogie 
Bulletin de la Socidtd Prancai.se de Photographic 
Bulletin de 1st Socidtd geologiquc de' Prance 
Bulletin dc la socidtd industriclle d’Amiens 
Bulletin de la Socidtd industriclle de Marseille 
Bulletin de la socidtd de I'industrie minerale 
Bulletin dc la socidtd industriclle de Mulhouse 
Bulletin mensuel de la .socidtd industriglle du Nord 
Bulletin de la socidtd industriclle de Rouen 
Bulletin de la Socidtd intemationale des elcctridens 
Bulletin des Travaux de la Socidtd Medicale d'Amiens 
Bulletin de la Socidtd de Medecine de Gand 
Bulletin de la Socidtd Mycologique de France 
Bulletin la socidtd pharmacie de Bordeaux 
Bulletin de la Socidtd v hotographique de Belgique 
Buletinul societatii Romane de Stiinte 
Bulletin de la socidtd de pharmacie de Bruxelles reyale 
Bulletin de la socidtd scientihque et medicale de 
I’ouest, Rennes 
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Bull. Soc.' vaijdoise 

Bull. Torrcy Bot. Club 
Bull. Vulc. Ml# 

C. A. 

Cal^nis, J. Ornithol. 

Cadiz, Period. Mens. Cien 
Caen, Acad. Mem. 

Caen, Bull. Soc. Linn. 
Normandie 

Caen, Mem. vSoc. Linn. 

Normandie 
Caen, Travaux 

J. Nalur. IJist. 
Calcutta, Quart. J. 

Calcutta Roy. Bot. Card. 
Ann. 

Calcutta, Trans. Med^ 
Phys. Soc. 

Cal. Acad. Bull. 

Cal. Acad. Mem. 

Cal. Acad. Natur. Sci. 
Pr^. 

Cal.^Acad. Pap. 

Cal. Min. Bur. Bull. 

Cal. Mm. Bur. Kep. 

Calvados, Mem Soc. Linn. 
Cainbrai. Mem. Soc. limul. 
^Cambridge Mem. Analyt. 
Soc. • 

Cambridge Mus Comp. 
Zool. Bull • 

Cambr. Omith. Club Bull. 

Cambridge Phil vSoc. Proc. 
Cambridge Phil. Soc. 
Trans. • 

Cambridge, Studies Physiol. 
Labor 

Camera Oscura 
Can. 

Can., Bot. Soc. Ann. 

Can. Chem. J. 

Can. Drug. 

Can. Kng. 

Can. Entom. 

Can. Kntom. Soc. Rep. 

Can, Inst. Proc. 


Can. Inst. Trans. 
Cant J. 


Bulletin de la SociV*t^ vaiidoi.se dM Ingciiieiirs et des 
Architects 

Bulletin of the Torrey Botanical Club, New Vink 
Bullcttino de! Vulcanismo Italiano (e di Gcodmamica 
generale) 

Chemical ;ft)stracts 
Journal fur Omithologie 

Pcriodico mensual dc Ciencias matematicas y lisicas 
Memoircs de 1’Academic des vScicnces, Belles Lett res, 
et Arts de Caen 

Bulletin de la Socil*t6 Linnccnc dc Normandie 

Memoires de la Soci6t6 Linnccnne de Normandie 

Precis des Tiavaux dc la vSoci6t6 d’Agriculture, &c. dc 
Caen 

The Calcutta Journal of Natural History 
Quarterly Journal of the Medico-Physical Society 
Annals of tlie Royal Botanic Garden, Calcutta 

Transactions of the Medical and Physical Soc’iety of 
Calcutta 

Bulletin of the California Academy of vSi'ienccs 
Memoirs of the Califoniia Academy of Sciences 
Proceedings of the Californian Academy of Natural 
vScienccs 

Occasional Papers of the California Academy of 
Sciences 

California State Mining Bureau. Bulletin 
(California »Slatc Mining Bureau). Report of the 
State Mineralogist 

Memoires de la Socit't6 Liuncenne du Calvailos 
Memoircs de la vSoci6t6 d’Hmulation de Cambrai 
Memoirs of the Cambridge Analytical vSociety 

Proceedings of the Museum of Comparative Zoology 
at Harvard College, Cambridge, Mass. 

Bulletin of the Nuttall Ornithological Club. A 
Quarterly Journal of Ornithology 
I’roceedings of the Cambridge I’hilosophical Society 
Transactions of the Cambridge Philosophical Society 

Studies from the Physiological Laboratory in the 
University of Cambridge • 

La Camera Oscura; rivista periodica universale dei 
progress! della Fotografia 
Canadian—Canada « 

Annals of the Botanical Society ()f Canada 
The Canadian Chemical Journal 
Canadian Dniggi?t 
Canadian l^nginccr. The 
The Canadian Entomologist 

First Annual Report on the Noxious Insects of the 
Province of^pntario 

Broceedings of the Canadian Institute (Toronto, 
being a continuation of “The Canadian Journal 
of Science, Litcratur| and History”) 

Transactions of the Canadian Institute 
The Canadian Journal of Industry, Science, and Art 
• • 
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Can Naturalist 
Can. P. 

Can. Pat. Off. Rec. 
Can Pharni J. 

Can Rcc Scl. 


Can Roy. Soc. IToc. 

IVans., 

Canestrini 
Canostrini, Arcliiv. 

Cannes Soc. Mem. 


Cantu, Cronaca 
Caout. Gutta-p. 

Caradoc Field Club Trans. 

Cardiff Nattir Soc. Trans. 

Carinthia 
Carl, Rep. I^hvsik. 

Carlsberg Tab. 

Carlsrube 

Carlsnihe, Verb. Naturwiss. 
Ver. 

Carloiniscbes Mcdico Cbir- 
urgisches Institut. 

Cams, Zool. An/ciger 
Casopis 


Casopis Ceskctlio Lekani. 
Casper Vierteljabrssch. 

Casper Wochcnsch. 

Cassel Jahr. 

Cassier's Mag. 

Castings 

Catania Atti .Accad. Cioon. 

Catania Poll. Accad. Gioen. 
Cattaneo Pibl^di Farm. 
Cattauco C'tiorn Farm. 

Cell. Ind. 

Cellule ' y. 

Cement 
Cement Age 
Cement Eng. News 
Cement Record 
Centr. Agnk. Chem. 


Centr. Allg. Path. 

^ A 


The Canadian NaturaliA and Geolorist, • and Por- 
ceedings of the Natural History Society of Montreal 
Canadian Patent 

Canadian Patent Office Record c « 

Canadian Pharmaceutical Journal and Pharmacal 
Gazette • 

The Canadian Record of Science, including the^Pro- 
ccedings of the Natural History Society of Mont¬ 
real, and replacing the Canadian Naturalist 
Proceedings and Transactions of the Royal Society 
of Canada 
See Archivio Zool. 

Archivio per la Zoologia, I'Anatotnia, eda Fisiologia 
Metnoires de la Socih^ des Sciences Naturelles (et 
Historiques), des Lettres et des Beaux-Arts de 
Cannes, et de I'arrondissemcnt de Ora.sse 
Cronaca ^ ^ 

Caoutchouc et la Gutta-percha 
Transactions of the Caradoc and vSevern Valley 
Field Club 

Cardiff Naturalists’ Society. Report and Transac¬ 
tions 

vSee Kaniten 

Repertorium fiir Experimental-Physik., etc. (Rep 
der Physik) 
vSec under Kiobenh. 

See Karksimhe 

Verhandlungen des Naturwissenschaftlichen Vetf ins 
vSee under Stockh. Physiol. Lab. Mitth. 

Zoologischer Anzieger 

Ca.sopis pro Pestovani Mathematiky a Fysiky. 
(Journal for the Advancement of Mathematics aiiA 
Physica) , 

Casopis Cesketho Lekamitura 

Vierteljahrsschrift fur gerichtliche itnd dffenlliche 
Mcdicin 

Wochenschrift fiir die gesammte Ileilkunde 
Jahresbericht. dann Bericht, iiber die Thatigkeit des 
Vereins fur Naturkunde in Cassel 
Cassiers’s Magazine * 

Castings • 

Atti dell’Accadcmia Gioenia di Scienze Naturali di 
Catania 

Bollettino delle Sedute della Accademia Gioenia 
Bibliotcca di Farmacia, Chimica, etc. 

Giomale di Farmacia 
Die Celluloid Industrie 
La cellule 
Cement 

Cement Age * ’ 

Cement and Engineering News 
CementJ^ecord . ’ 

Central-Blatt fiir Agrikulturchemie und *fetferitlleii 
Wirthschafts-Betrieb. Referirendes Organ * n1r 
. naturwissenschaftliche Forschungen in ihrev 
Anwenduug auf die Landwirthschaft 
Ccntralblatt fur allgeraeine Pathologic 
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Centr. Balt. , 
Centr. Med. Wiss. 
Centr. Mineral. 

• • 

Centr. Papierfabr. 
Centr. Path. 

• 

Centr. Physiol. 
Centr. Text. Ind 
Centr. Zuckcrind 
Ccntrztg. Optik 


Ceramique 

Cette Stat. Maritime 

Ccy. P. 

Comm J. 

VlfJiiibery Mem. Acad. 
vSavoic. 

Charente-Inf. Soc vSei. 
Ann 

Charkoff. * 

Charleston Med. Jourti 
Charleston South J. Med. 
Chem. Age 
Chem. Centr 
Chem, Coll. Reports 

Chem. Drug 

Chem. Dnig. Australasia 
Chem. ling. 

Chem C>az. 

Chem. Ind. 

^hein. I.isty 
Chem News 

Chem. PlicUin Centr 
Blatt. 

Chem. Rev • 

Chem. Rev. Pett-Harz-Ind. 
Chem. Tech. Mitth. 

Chem. Tech. Rep. 

Chem. Tech. Ncuzeit 
Chem. Tech, tlbers. 

Chem. Tech. Ztg. 

Cheift. Trade J. 

Chem. Wcekbl 
Chem. 

Chem. iiJetttr. 

Chem 

Chem. Ztg. Rep. 

Chem. Zts. 

Cgfmist 

Cherbourg; Mem. Soc 
Acad. 

Cherbourg, Mem. Soc. 

Sdl 


I • • 

Centralblatt fur Bacteriologie und Parasitenkunde 
Centraiblatt fur die medicinischen V'issenschaften 
Centralblatt fur Mineralogie, Geologic imd Palrffoii- 
tok>gic 

Centralblatt ftir l^upierfabrikation 
Centralblattffur Allgcmeine Pathologic und Patliolo- 
gisclie Anatomie 
Centralblatt fur Physiologic 
Centralblatt fur die Yextil-Iudustrie 
Centralblatt fur die Zuckcrindustrio 
Central-Zcitung fur Optik und Mechauik (Ivlcklio- 
technik und vcrwaiidtc BeruN/.weige) 

Ceramique, J.a 

See Montpellier Inst Zool. Tiav 
Ceylon Patent 

Chanil)er of Commerce Journal 

Memoires de la Societe Acadenii(|ue de Savoie 

Acadcinie de la Rochelle .Societe des Sciences 
Naturellcs de la Cliarciilc lnferieure .Annales 
See Kharkov. 

Charleston Medical Jouin.il and Review 
The Southern Journal of Medicine 
Chemical Age 

Chemi.sches Centralblatt (18.30 lOOti). 

Reports of the Royal College of Chemistry, and Re- 
searclics conducted in the Lalior.itoiies 
Clicniist and Dniggist, Condon 
Chemist and Druggist of Australasia 
Chemical Engineer 
Chemical (tazette, The 
Chcmische Industrie 
Choniicke I.ist> 

Chemical News 

Chemisch-pharniaceutisches Centlal Blatt 
Tlie Chemical I^^view 

Chcmische Revue uber die I'ett-und llarz-liidu'.tiie 
Hlsner's *Chcmisch Teclinischc Mittlicilungen 
Chemisch-'i echnisches Repertorium (Jacobsen 1802 
1901) 

Chcmische Technologic dcr Neuzelt 
Chemisch-Technischc Obcrsicht (supplement to Cliem 
Ztg.) • 

Chemiker-und Techniker-Zeilung 

Chemical Trade Journal and Chemical I{ngiiiccr 

Chcmi.sch Weekblad 

Chemical World, The 

Cheiniscbes Zentralblatt (1907-) 

Chemiker-Zeitung* 

Repertorium der Cheniiker Zeitunfi: 

Chemische Zeitschrift 
The Chemist 

Bericht der N^rwissenschaftlichen Gescllschaft zu 
Chemnitz 

Memoires de la Soci€t6 Academique de Cherbourg 

Memoires de la Soca't6 Imperiale dcs Science 
Naturelles de Cherbourg 
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Cherbourg *Soc. Soi. Natl. 

Mem. * 

Chester Soc. ,Sci. Proc. 

Chicago Acad »Sci. Bull 
Chicago Acad. vSei. Bull 
Nat. IHst. Surv 
Chicago Acad. Sci. Trans. 
Chicago Iviitom. Soc. Mern. 

Chicago Pield Coluinb. 

Mus. Ptd)I. 

Chile, Analcs Univ. 

Chile P. 

Chili Soc. Sci. Act. 

Chim. et Ind. 

Chiiniste 
Christiania, I'orh. 
Christiania, Norsk Mag. 
Christiania Skr. (Math - 
Nat. KI.) 

Christiania, ITiivcrs. Lab. 
Chron. ind. 

Chur, Jahresber. Natnrf. 

(iesell. 

Ciment 

Ciiicin. vSoc. Natnr. Hist. 

Jb 

Cistula Knloni 
Civil Ivng. Inst. Trans. 
Civil Kng. J. 

Civilingenieur 
Clay Worker 

Clermont, Mem. Acad. 
vSei. 

Cleveland Med. J. 

Clin. Soc. Trans. 

Cobleiitz, Jahr. bot. Vcr. 

Cohn, Beitr. Biol. Pflanz. 
Coimbra, Inst. 

Coimbra, Soc. Brotcr.oBol. 
Col. P. 

Collegium 

Colliery (guardian, 

Colmar Soc. Natnr. 
Bull. 

Colombia. Contrib. 
Colombo 

Colorado Sci. Soc. Proc. 
Comment. Fauna &c. Ven. 
Trent. 

Compt. rend. 


Memoires dc la Soci6tV Nationale ^ dc.s* Sciences 
Naturelles et Mathcmatiqnes dc Cherbourg 
Proceedings*of the Chester Society of Natural Science 
(and Literature) • ♦ • 

Bulletin of the Chicago Academy of Sciences 
The Chicago*Academy of Sciences. Bulletin., of the 
Natural History vSurvey f 

Transactions of the Chicago Academy of Sciences 
Occasional Memoirs df the Chicago ]{ntomological 
Society 

Publications of the Field Coliimluaii Museum 

Analcs de la Ihiivcrsidad dc Cliile 
Chilean Patent 

Actes de la Soci6t6 Scientifique du Chili (Actus de la 
Socictlad Cientitica de Chile) 

Chlrnie ct Industrie 
Chimiste, Lc 

Foihandlinger i Videnskabs-Selskabel i Christiania 

Norsk Magaziii for Laegovirlenskaben 

Skrifter iidgiv'ne af Vidcnskabsselsk<ibct i Christiania. 

Mathematisk-naturvidciiskabelig Klassc 
Das chcniischc ],aboratorinm der Universitat Cliris- 
tiania 

Cliroiii(pic de I’industrie 

Jahresbericht der Natnrforsclicndeu Gesellsehaft von 
Oraubundten in Chur 

Ciment, Le * 

The Journal of the Cincinnati Society of Natural 
History 

Cistula I'jitoniologica 

Transactions of the Institution of Civil Engineers 
The Civil Ivngineer and Architect’s Journal, etc. 

IVr Civilingenieur 

Clay Worker, The , 

Memoires de I’Academic dcs Sciences, Belles Lettres, 
Arts d% Clermont-Ferrand • 

Cleveland Medical Journal 
TraiLsactions of^lhc Clinical Society of London 
Jahresbericht cles botanischen Vereincs am Mitten 
nnd Niederrheine, mit botanischen Abhandliingen 
Beitrage zur Biologic der Pllanzen 
O Institntor journal scientifico ct fetkrario 
Sociedade Broteriana. Bolctim Aiiual 
Colombian Patent 

Collegium (vScientific technical su]»plement to Lcdcr- 
markt) 

Colliery Guardian and Journal of th.e Iron and Coal 
Trades 

Bullctfti de la Society d’Histoire NaturelJc dc Colmar 

Contribuciones de Colombia a las Ciencias i a las 
Artes 

See Ceyjpn 

Proceedings of the Co’-orado Scientific Society 
Cominentario della Fauna, Flora e Gea del Vencto e 
Trentino 

Comptes rendus hebdomadaires des Seances de 
FAcademie des vSeienceg ’ t 
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Compt refid. 4''soc Franc. 

Compt. rend minerale 
Compt. rend biol. 

Compt. rend. trav. lal) 
C»rlsbcrg 
Concrete 
Concrete Arc 
Concrete Constr. Fur. 
Concrete Iviig- 

ConcRliano St'uola Vit. l{nol 
Ann. 

^ ConcRliuno vScnoIa Vit. 
'Vbbiol. N. Russegna 
CjltR-Rlilino Sciiola Vit. 
Ivnol Riv 

Cong F 

Coiigr Anthropol Compt.' 
Rend 

Congr. Hot. Ciitlog Alti 

Congr. Hot Int. Atti 
Congr. lilt. Hot Hull. 

Congr. Intcrnatl. Hortic. 
Hull 

Congr. Intcrnatl. Med. 
Atti 

Congr. lutematl. Mod C. R 

f^ongr Intcrnatl Sci Med 
C. R. 

Congr. Intcrnatl. Zool. 

(C. R.) 

Connecticut, Acad Mem 

Connecticut Acad. Trans. 

Conlrib. Hiol. Vcg. 
Copenhagen 
Copenhagen 
Copeiihagiio, Resume 

Cordoba, Acad. Hob 

Cordoba Acad. Ci. Act. 
Com Trade J. 

Cornwall, J. Roy. Inst. 
Cornwall Poly. Soc. Rep. 
Cornwall, Poly. Soc. 
Trans. 

Corresp. Blatt. Schweiz. 
Aerzte 

Correjpp. Blatt Zahn. 
Cosmos 


As'Jocialion Francaisc pour rAvnnc(»iuent dc'! Sciences. 

Coniptc Repdn de la K‘ (-I2<S Session: bS72-S.''{ 
Comptes rendns de la Socu to de rindustric ininciale 
Comjncs rendn.s dcs .seances et inemoires <le la Societc 
de biol<^gig, Pans 

Comptes rendns dn (lav.mv. du laboratoiie di' Caiis- 
berg 

Concrete 
Concrete Age 

Conciete am! Constrnction.il l{ngimcrnig 
Concrete bingineenng (no longer jmblislicd sepaiately. 

Comliineil ^\ltll Cement .Age) 

Aniiali della R. Scnola <11 \’ilicoIlnia c dl Fnologia 
in Conegliano 

Nnova R.issegna di \'iticoltnia de Fnologia dill.i R. 
Scuola dl CoTiegh.nio 

T,a Rivista Periodico ((|nmdiein.de, ilella 

R !>cnola di \ i(icoltiira e di Iniologia (<• del Comi/io 
.\grano) di Conegliano 
Congo ITee State Patent 

Cougres international d’Antliropologie el d'Aieheologic 
lirehistonqiies Comptes Remliis 
Sociela Criftogamologiea Italiana. Alti del Congresso 
Na/ionale di Hotamca Cntlogamie.i in Parma 
.Atti del C'ongiesso Inteina/ion.dc di (»eiiova 
Hiilletin du Coiigies International de Hotaniiiiie et 
d’Horticnltnre rcniii a St Pelersbourg 
Hiilletin <lu Congres Inleinational (riloiticiilture a 
Hrnxelles 

Atti deir Xr. Congicsso Medico Intenia/ion.dc! 

. C'omptes-Rciulns dn XII Congres Inleinational de 
Medecine 

Congies Periodiqiie Intenialional des Sciences Medi- 
calos. C'oinptc-Reiidu 
Congres Inteina^onal de Zoologie 

Menioiis^of the Connecticut Academy of Arts and 
vSciences 

Transactions of the Connecticut Acarleniy of Arts and 
Sciences 

Contrilnizioni alia Hiologia Vegetale 
See Kjobenhavn. ^ 

Sec Congr Int. Se*i. Med. C. R , IHX-I 
Resume du Hulletin de la »Societe Royale Danoise dcs 
Sciences 

Boletin dc la Academia Nacional dc CR-ncias J'ixactas 
existeiite en la Universidad de Cftrdoba 
Actas dc la Academia Nacional de Ciencias ciwCordoba 
Corn Trade journal • • 

Journal of the Royal Institution of Cornwall 
Royal Cornwall Polytechnic vSocicty, Annual Report 
Reports and Tran.sactions of the Royal (ieological 
Society of CoflIwall 

Coft'espondcnz-Blatt fur Schweizer Aciztc 

Correspondenzblatt fiir tahiiarzlc 

'■'usinos- Revue Jvncyclopediijiie hebdomadaire 
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Costa, Corrisp. Zo®l. 


Cottcswold C!ii}> Pi <H‘. 

Cracovic Acad. Sci. Biili 

Cracow' 

CroJI. Ann. 

Ciiclitoii, Russ. SanmilutiK 

Cron, mod iiicx. 

Croydon Micro Chib Proc. 

Croydon Micio CInl) Rop. 

Culm V 

Cuba, Rop Fis Kat. 

Cuir 

CuiiilKTland As'^oc. Trans 


Ciiyper, Rev. I'liiv. 
n’AUoii u. Burm. '/Ai' 
Zool. 

Dan Biol Stat. Rop. 

Dan B. 

Daiirin, Noil. Scluift 

Daii/iK. Sohrift. 

Dannst. Bcitr. Cool. 

Darmst Vor. I{rdk. Noti/. 

Davenport Acad I'riK'. 

Dax vSoc Borda Bull. 

Delft RaoIc Poly. Ann. 
Delhi, Med. J. 

Denison Univ. vSei. I.ab. 
Bull 

Dent. Co.smos 
Dent DiKost * 

Dent. Rev. • 

Deut. Anacr Apoth. Ztg. 
Dcul. Amor. tj?Avefbeztg. 

Deut Arch. Klin. Med. 
Deut. Bot. Ges. Her. 

Deut. Bot. Monats. 

Deut. Buchdr. Ztg 
Deut. Kisenbahn Ztg. 

Deut. I'lektro. ('.es. 


Corrisi)ondenza Zoologica, destinata a»diff6ndere nel 
regno dcUe Due Si^il o tutto cio che si va discuop- 
lendo ontro e fuori p;uropa (e vice-versa), ris 
gitarihiite la Zoologia in generate * 

J*rocee(lmgs ^of the Cotteswold Naturalists’ Field 
Club 

Bulletin International do I'Acadcmie dc.s Scienc«B de 
Cracovie 
Sec Krakow 

Chcmische Annalon fur die Picunde der Naturlehrc, 
etc. 

Russi.sclie Sammiung fur Naturwissenschaft und 
Hoilkun.st 

Croinca niodica inexicana, Mc.xico 
IVoccedings and Transactions of the Croydon Micro^ 
scopical and Natural History Club ^ 

. Report and Abstract of Proceedings of the (Jrofubn 
Microscopical (and Natural History) Club 
Cuban Patent 

Repertorio fisico naturale do la isla de Cuba 
Cuir, To * 

Transactions of the Cuiuberlatid and Westmorland 
Association for the .Advancement of literature and 
Science 

Revue rniversclle des Minos, de la Mctallurgic, t^c. 
Zoitung fur Zoologie, Zootoime, und Palaeozool«gic 

Reiiort of the Danish Biological Station to the flomc 
Department (Board of Agriculture) 

Danish Patent 

Nouestc .Sediriftcn dor Naturforschenden Gesellschaft 
in Danzig 

Schriften der Naturforschenden Gesellscliaft in Danzig 
Bcitrago zur (icologie des Grossherzogthiiins Hessen 
und der angrenzenden (»eg^ndcn 
Notizbl^tt des Vercins fur Kitlkundc zn Darmstadt 
und des Mittelrhcini.sehen Gcologiscftcn Vereins 
Proceedings of»the Davenport Academy of Natural 
vSciences 

(Bulletin de la) vSoci^te de Borda, Dax (Ivandcs) 
Aimalcs de I’P'coIc Polytechnique de Delft 
Quarterly l^Iedical and Surgical Journal for the North- 
West J'rovinces 

Bulletin of (the Scientific Paboratories of)lDenison 
Ihiiversily 

Dental Cosmos, Philadelphia 
The Dental Digest, Chicago 
The Dental j^eview 

Deutsch-Amerikanische Apotheker Zeitimg, New York 
lllnstrierte Deutsch-Anierikanische Gewerbe und In- 
dustrie-Zeitung (Newark, N. J.) 

Deutsches Archiv. fur Klinische Medizin 
Berichte der Dcutscheii Botanischen Gesellschaft 
Deutscifl Botanische Monatsschrift 
Deutsche Buchdrukef-Zeitung 

Zeitung des Vereins Deutscher ICisenhahn-Verwalt- 
i ungen • 

vScc Zts. Elcktrocli. 
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Dcut. Hntoin ^ts. 

Dent. Geol. Gcs. Zts. 
Deut. Gerber Ct#. 

Deut. Ind. Ztg. 

Deut. Klinik 
Dcu^. Meehan Ztg 
Deut. raed. Wochenschr. 
Deut. Monats 
Dcut. Natiirf. Bcr. 

Deut. Naturf. Kcstsclir. 


Dcut Naturf. Tagcbl. 


{^eut. Naturf. Vcrsaiuinl. 
Deut. Poly. Ztg. 


Dcut. l^hys. (ks. Verb 

Deut. Tech. Ztg 
Deut. Topfer Zicgl. Ztg. 
Dcut Vierteljnhrschr. Ueff. 

Gesundh. 

Dcut. Zool. (ks. 
Deut.*Zool. Ges. Verlj 
• 

Deut. Zts Chirurg. 

Deut. Zts. Tliicrmcd 

Dcut. Zuckcriud 
Devon Assoc. Trans. 

• 

Devon & Cornwall Ifatgr 
Hist. Soc. 

Diamant Ztg 0 
Dictet. Hyg Guz. 

Dijon, Acad vSci. Mem 

Dijon, J. Agric. 

Dijon, Seances Acad. 

Dinaut, Soc. Natiir Bull. 
Dingl. Poly. 

Donders, Archiv 

Dorpat, Archiv 
Dorpat, Biol. Naturk. 
Dorpat, Naturf. Ges. 
Dorpat, Naturwiss. Abh. 
Dorpat Pharm. Inst. Arb. 
Dorpat Sitzber. 

Dorpat Schr. 

Dorset Field Club Proc. 


Deutsche Dntomologisclic Zcitsclirjft (forincily Un- 
liner Entomologischr Zeilsihrifl) 

Zeitschrift def Dcutschcn Gco!ogisclu-u ('t<‘scl(sch.jft 

Deutsche Gerber Zeittmg 

Deutsche Industrie Zeitung 

Deutsche Kfinik 

Deutsche Mecliaiiiker-Zeituug 

Deutsche modiziiiisclie Wochen.H'luift 

Deutsche Monatsheftc 

Amtlicher Bericlit dor...Versamiuhuig DeuKehcr 
Naturforsclicr und Aerzle 

Festschrift fur die bl) N'crsaminlung Deutschcr 
Xatiirforsclier uiid Aer/.te 

Tageblatt ilcr. Versammluug Dciitscher Natuifor* 
seller und Aerzle 

Bericlit uber die Veisauunlung dcr Dentselieii N.itiir- 
forseluT und Acr/tc 

Allgemeinc Deutsche Polytcclinische Zeitung (ll. 
Grothe) 

Verhaiidlungeii der Doutsclieu Pliysikaliselieii ('*escll- 
• schaft 

Deutsche Techniker Zcituiig 

l>cutschc Topfer uiul Ziegler Zeitiing 

Deutsche VitTtcljahrssehrift fur GesiiiKllieitspllege 

Sec Zool An/. 

Vcrhandliiiigen der Deutschcii Zoologiscln-n (’.esi II- 
schaft 

Deutsche Zeitschrift fur (Jhirurgic 
iMUsche Zeitschrift fur Thicrinediciu imd vergh i« l'- 
ende Pathologic 
Deutsche Zuckerindustrie 

Transactions of the Devonshire Association foi the 
Advancement of Science, l.iterature and Aif 
Sec Plymouth first. Trans. 

Diamant, Glas-lfldustiie Zeitung 
Dietetic and Hygienic Ga/clte, The 
MemoireS dc rAcadcniic dcs Sciences, .\rts et Bi lles- 
kcltres de Dijon 

Journal d’Agricullurc de la Cote d’Or 
Seances publiques dc rAcademie des Sciences. Ails, 
et Belles-Lettres dc Dijon 
Bulletin de la Socictc des Natitralisles Dinantais 
Dinglers Polytechnisches Joimial 
Archiv fur die Hollandischen Rcitrage ZAir Natur- und 
Heilkundc • 

Archiv fur die Naturkimde Liv-, K*th-, und Kiiilaiids 
Biologische Naturkind. 

See Arch. N?t. (Dorpat) 

Naturwissenschaftliche Abhandlungen aus Dorpat 
Arl^iten dcs Pharmakologischcn Institutes zu Dorjiat 
Sitzungsbcrichte der Naturforschcr-Gesellschaft boi 
der Universitsi4 (Jurjew) Dorpat 
Sokriftcu herausgegebea von der Naturforsclicr 
Gesellschaft bei der Universitat (Jurjew) Dorpat 
Proceedings of the Dor^t Natural History and Anti¬ 
quarian Field Club 
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Doiiai Mcrii. Soc. ^grlo. 
I)oul)s.Soc Ivmnl Mem 
Dove Rep. Physik. 


Dresden Aus/.. Protoko) 

Dresden Denkschr. Natur- 
wiss (ie-s.-'Isis. 

Dresden Ivntom. Ver “Iris’' 
Corresp.-Pl. 

Dresden Isis I'cslschr. 

Dresden Isi.s Sit/ber. 


Dresden, 

Heilk. 

J.ilir. 

Naliir. 

J iresdeii, 
vScliule 

Mittli. 

I’olv. 

Dresden, Schr. 

Mineral. 

C.cs. 

Dresden. 

Heilk. 

Sit/ber 

Natur 


D. R. P. 

Drug. Circ. 

Drug Topics 
Dublin, (ieol. vSoc J. 
Dublin, IIosp Oaz. 

Dublin J. Med. Chem. 
Sci 

Dublin J. Med Sci. 

Dublin Med. Trans 
Dublin Micro. Club 
Dublin, Nutur. Hist. Soc. 
Proc. 

Dublin Natur P'ield Club 
Dublin, Pathol vSoc Proc. 
Dublin Chiart. J. 

Dublin J. ATcd. 
Dublin, Roy. Soc J. 

Dublin Soc. J , Dublin Soc. 

Trans. • 

Dublin Soc. Sci. Proc. 

Dublin Soc. vSfi. Trans. 

0 

Dublin. Zool. Bot. Assoc. 
Proc. 

Dudley, (»col. Soc* Proc. 
Dumfr. Cmllow. Soc. Trans. 


Dunkerque, Mem. Soc. 
Kneour. 

Durham Uuiv. Phil. Soc. 
Proc. 

• t ' 


Mcmoircs de la vSoci^t^* (f'Agriculturc, ^e Sciences, et 
d’Arts, scant a Douai 

Mcmoircs de la Soci6t^"d'l{mulation du Dejiartemcnt 
du Doubs • • 

Repertonum dcr Physik. Ivnthaltend cine vollstandige 
Zusainmcifstellung der neuern Fortschritte dicser 
Wisscnschaft ^ 

Aus/uge aus den Protokollcn der Gesellschaft fiir 
Natur- und Ilcilkutidc* in Dresden 
Denkschriften der Naturwissenschaftlichcn Gcscll- 
schufl Isis III Dresden 
Sec Ins 

I'V.stschi ift der Natur\vi.sscnschaftlichcn Gesellschaft 
Isis 111 Dresden 

Sit/.ungsbcrichte und Abliandlungcn dcr Naturwiss^’ 
schaftlichen Cicsellschaft Isis in Dresden «, 
J.'ihresbenchte fur l.S.5S--(>0 v. d. Gesellschaft fur 
Natur- und llcilkinide in Dresden 
Mittheilimgen dei K. Sachs Polytcchnisclien vSchuIe 

Auswahl aus den Schriften der uiiter Werner’s Mit- 
wirkuiig gcstifteten (k'sellschaft fur Mmcralogie 
Sit/aingsbericlitc der Gesellschaft fur Natur- und 
Jleilkiiude 

(»eririan Patent (Deutsches Rcichs-Patent) 

Druggist’s Circular *' 

Drug To|)ics, New York * 

Journal of the (»eological Society of Dublin 
Dublin Hospital (Tazette 

Dublin Journal of Medical and Chemical Science 

The Dublin Journal of Medical Science 

Dublin Medical Transactions * 

vSee Irish Natur • 

IToceetliiigs of the Natural History Society of Dublin 
Sec Irish Natur. 

Proceedings of‘the Pathological Society of Dublin 
The Dublin Qiiarteily Jouinal of Science 
Dublin Quarterly Journal of Medical Science 
Journal of,the Royal Dublin Society 
Transactions and Journal of the bublin Society 

The Scientific Proceedings of the Royal Dublin 
Society 

The Scientific Transactions of the Royal Dublin 
Society 

Proceedings of the Dublin University Zoological and 
Bofanical Association 

Transactions of the Dudley and Midland Geological 
and Scientific vSociety 

The Transactions and Journal of Proceedings of the 
DiunAriesshire and Galloway Natural History and 
Antiquarian vSocietr 

Mernoires de la Soci^t^ Dunkerquoise pour I’En- 
\ couragenient des Sciences, des Lettres, et des Arts 
Proceedings of the University of Durham Philosophical 
Society • « 



LIST Of ABBREVIATIONS TO LITERATURE 
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Dyer, Calico l^r. 

Dzondi, Aeskidap 
Kastbourae Ivatfir. Hist. 

Soc. Papers (& Trans ) 
Eastbourne Natur. Hist. 
Sot. Proc. 

Eastbourne Natur. Hist. 

Soc. Trans. 

Echange 

Eckhard, Britr. 

Eclairage Elect, 

Kclect. Med. J., Cinclii 
rSon. Geol. 

Edinb. Bot. Soc. Proc. 

Edinb. Rot. Soc. Trans 
i'Mmb. Field Club Trans. 

Edinb , Fish Bd Re]>. 
PMinb. J Med. Sci. 

Edinb. J. Natur. Gcogr. 
Sci. . 

Edinb* J. Sci. 
lidinb. Med. Chir. Soc. 
Trans. 

lidin Med. J. 

Ivdinb. Mcni WTtii Soc 
I'Minb Monthly J. Med. 
•Sci. 

P'dinb. Natur. Soc 'J'raus. 


Edinb N Pliil.^. 

E'dinb Phil J. 

Edinb Idin. Soc Trans. 
IMinb Proc. Phys. Soc. 

Edinb. Roy. Coll. Pliysns. 
Lab. Rep. 

PMinb. Roy. Soc. Proc. 
Ivdinb Roy. Soc. Trans. 
Edinb. Trans. Scot. vSoc 
Arts 

Eisen Ztg. 

P'katcrinburg 

Elberfeld Naturwiss, Vcr. 
Jahr. 

Elec. Rev. 

Elec. Soc. Trans. 

Elec. Telegr. Rev. 

Elec. World 
Electrician 

Electricite ^ 

Electrdbhem. Met. Ind. 


Dyer, dalico Printer, Bleacher, I'inisher, and Textile 
Review • 

Acsknlap 

Papers (Tran.sactions) of tlic Ea.stlxMirne Natural 
History So^ncty 

The Sixth Annual Report of the I''astl)ourne Natural 
History Society 

Transiictions of the Ivastbounic Natural History 
ScK'iety 

rKehange Organe (Mensiicl) dc.s Natnrali.sles dc la 
Region Lyonnaise 

Bcitrage zur .Anatomic uinl Phy.siologic 
rKclairage J'*leclri(}uc. Re\'nc (hcbdoinadaire) 
d(cl)'l{lcctricitG 

Ivclcctic Medical Journal, Cincinnati 
I'A'onomic (jeology 
Ivcuador Patent 

Proceedings of the Bolanieal S<H-icty of Ivdinbnrgh 
for tlic vears ISo.') .’’)(» 

Transa<iions of the Botanical Society <tf IMinburgh 
’'I'raiisaclions of the Ivdinburgli Nalundists' Field 
Club 

Annual Report of the Fishery Board for Scotland 
Edinburgh Jonnml of Medical Science 
The l{dinl)urgh Journal of Natural and Geographical 
Science 

The Jvdinburgh Journal of *Scicncc 
Transactions of the Mcdico-Clnrurgical vSocicly of 
Edinburgh 

Edinburgh Medical Journal 

Memoirs of the Wenicnan Natural History Society 
Edinburgh Mtuitlily Journal of Medical Science 

Transactions of the Ivdinbnrgh Field Naturalists' and 
Microscopical Society, instituted as the Edinburgh 
Naturalists’ F K^d Club 
The Ivdinlairgh New Philosophical Journal 
The Jidinl^iirgh Philosophical Journal 
'rransactions of the I'Iniian Society 
Proceedings of the Royal Physical Society of Edin¬ 
burgh 

Reports from the Laboratory of the Royal College of 
IMivsiciaiis, lulmbiirgh • 

Proceedings of the Royal Society ol I'Minlmrgb 
'J'ransactions of the Royal Society of lidmburgh 
Transactions of the Royal Scottish Society of Arts 

Iviscn Zeilung 

See lekaterinenl). • _ 

Jahres-Bericht dcs NaUirwissenschattlioien Vereins in 
Ellx-rfeld 

The Electrical Review 

The Transactions and Proceedings of the London 
Electrical Socifly 
Th^ Electric Telegraph Review 
Electrical World 
The Electrician 
I’Electricitc 

Electrochemii^l and Metayurgical. Industry 
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LIST or ABURKVIATIONS TO LITEKATURR 


Klektrolech Zts. 

Klliott vSr)c. J. 

Klliott >S(h: l^roc. 
r'lstuT, Mitlh. 

Kriiden Natiirf. Ocs Jahr. 

Kmdcn Nattirf. Ges St'hr. 

Ivng. 

Jiug Contr 
]-:ng. Digest 
ICng Mag. 

Kiig Mining J. (Ivng Mill 

I'.ng News 
l{ng Record 

l''!iginecr 
I{nginee!s’ J. 

Ivtigiucers Soc 'i'raiis 
Ivtigl Mccli. 
luigler, Rot. Jahr. 


Ivtigiais, 1/ 

ICntoin Annual 
Kntom. Mag. 

Jvntoni Mc(Id (Kjobeiili ) 

Ivutoni Month Mag. 
Ivntom Nadir 
Jvntoni. Record 
ICiitoin. Soc. Trans 

Knloni Tidskr. 

Ivntoinologica Atner. 
IvTitoinologist 
!•:. p 
Ivphure 

Ivpideni Soc Trans. 

• 

l^pinal (Vosges) Ann. 
lirdcl Mu/.-^ygyl Krtck. 


Ivrdniaftn, vS^jiTigcs (jcoI. 

Undersok. • 
lirfurt, Abh. Akad. Wiss. 

Krfuit, Akad. Jahr. 

Krfurt, Dcukschr. 

Krfurt, Nova Acta 


K/ekfrochcmische ^eitschriTt 

Klcctrotedinischc Zeitjc irift 

Journal of the Klliott Society of Njtivai History 

Proceedings of the Klliott vSociety of Natural History 

vSec Chcm.fTech. Mitth. 

.. Jahresliericht dcr Natiirforschenden Gesellschaft 
in Kmden • 

Kleinc Schriften dcr Naturforschenden Gesellschaft in 
Ivmden 
iCngineering 

Knginecring and Contracting 
Knginccring Digest 
Kugineenng Magazine, The 
Kngiiieering and Mining Journal, The 

Kngmeering News 

Kngiiiering Record, Building Record and T^anTtaly 
luigmcer 
Knginccr, The 

The Knginecrs’ Journal and Railway Gazette of India 
and the Colonics 

Society of l{ngineers. Transactions 
ICnglish Mechanic 

Botanischc Jahrbucher fiir Systematik, Pllanzeiigc- 
schichtc und Pflaiizengeographie 
Kngrais, L' 

'I'lie ICntoniologist’s Annual 
The Kntomologica! Magazine 

Kntomologiskc Meddclelser udgivnc af KiUomologisk 
Forening 

The Knlomologist’s Monthly Magazine 
Ivntoinologischc Nachrichten 

The lintoinologist’s Record and Journal of Variali^n 
The Transactions of the Entomological Society of 
London * 

l{ntoiwlogisk Tidskrift pa Foranstalt^indc af Tvntomo- 
logiska Foreningen i vStockhohn 
Kntomologica ♦Americana 
The Entomologist 
ivnglish (British) Patent 
Epicure, The 

Transactions of the Epidemiological vSociety of Lon¬ 
don 

Annales dc la Soci6t6 d’Emulation du departement des 
Vosges 

Az Krdelyi Muzeum-Kgylet Kiadvanyai Krtekezesek. 
(Publications of the Transylvanian Museum Asso¬ 
ciation. Memoirs) 

Sveriges geologiska Undersokning, pa offentlig 
bekostnad, utford under Ledning af A. Erdmann 
Abhandlungcn der Kurfiirstlich Mainzer Akademie 
uiiUlicher Wissenschaften zu Erfurt 
Jahrbi^her der koniglichen Akademie gemcinndtziger 
WisR'iischaften zu Erfurt 

Denkschrift dcr Alcademie gemeinniitziger Wissen- 
A schaften in Erfurt 

' Nova Acta Academiae Electoralis Mogtintinae 
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Ergeb. Phy^ol. • 

Erlangen, Abh. 

Erlangen Anat.^nlt. 
Erlangen. Mitth. Phys. 
Med. Soc, 

I'/rlangen Phys. Med. Soc. 

Sitzber. 

Erythea 

Essex Field Club Proc. 
Essex Field Club Spec 
Mem. 

Essex Field Club Trans 
Essex Inst Bull. 

ES^Inst Commun 
IvsselMnst Proc. 

Essex Natur. Hist Soc J 
Essex Natlist. 

Es.sig Iiid. 

Etudes Giles Miiicrau.x 
Eure, Bull. Acad. Ivbroic 
Eure. J. Agric. 

iCure, Recucil Trav. 


Eure, Soc Agric. Bull. 

Eure, Soc Agric Renieil 

livkoiiyv 
Ej^er Rep. 
lixper. Sta Rec 
Eyr 

Fachgenosse 

Falaise, Mem. Sot. Acatl 

Farben Ztg. 

Farb. Ztg. 

Fechner Cenlr 

Fechner, Rep. 

Fed. Inst. Min. lingin. 

Trans. 

Fer. 

Ferussac, Bull. Sci. Math. 

Ferussac, Bull. Sci. Natur. 
Feuille Jeunes Natur. 

Field Mus. Natur. Hist. 

Fij. P. 

Fin. P. 

Finistere Soc. Sci. Bull. 

Finlande Soc. Geogr. 
Finska E^. S^lsk. Handl. 
Finska >fct.-Soc. • 


• 

Krgehnisse der Physiologic, Wie.sb.i<l*ti 
Abhandhmgen , der Physikaliscli-inedicinisclicii 
Societal in P'rlangen 
See Bietr. Morphol 

\Vis.senschaftli^’ho Mitthcjlimgcii dor J’hysikalisch* 
incdicinischen Sm'ictat zu I{rlangeii 
Sitzungsl)cnclite der Physikalivch Mcdi/iniscluii 
Societal /n (in) Erlangen 

Erythea A Journal of Botany. West AmeriLan and 
General 

Jounial of Procccflings of tlic i-'ssex I'icld Club 
P'ssex Field Club vSpccial Memoirs 

Traiisuctioiis of the l{ssc\ 1‘ield Club 
Bulletin of the P'ssex Institute 
Communications read before the ]{ss( \ Inslilule 
Proceedings of the ICssex Institute 
Journal of the Essex Countv Natuial Hi'iloiv Society 
The Ivssc.x Naturalist 
l)cut.sche b'ssigmdustrie 
See France Giles Min Ivtudes 
Bulletin de rAca<h‘Uiie jvbioieiiiine 
Journal d’Agrieiiltuie, do Medieiiie et des Suences 
accessoires 

Recucil des Travaux de la Soeietf* I.iiiie (r.\Kiieultiue, 
des Sciences, des Arts et lies Belles-Lettres dit 
departinente de ri{ure 

Bulletin de la vSoci6te d’Agriculture, des Sciences, et 
des Arts du departenient de I’Tvurc 
Recucil de la Society d’AgricuIfnre, Seieiiees, Alls, et 
Belles Lellies du departenient de I'luirs 
\[ Magyar Tudos Tarsasag’ Ivvkonyvei 
Repertorium der Pliysik. 

Experiment Station Record 
Eyr. et Medicinisk Tidsskrilt 
Fachgenosse, Der ^ 

Mciuoires de la sTx'i^te .‘\ea«Ieniiguc des Sciences, 
&c , de h'i^laise 
Farben Zcituiig 
Farber Zeitung (I.elmc's) 

Ccntralblatt fur Naturwisseiiseliaftcu imd Antliro 
pologie 

Repertorium der Experimental-Ph^sik 
Transactions of the Federated Institution of Mining 
lingineers 
Ferrum, Halle 

Bulletin des Sciences Mathernaliiiues. Astt’ornmiiques, 
Physiques, et Chimitiues par le Baifm de Ferussac 
Bulletin des Sciences ^^aturelles et de Oedogie • 
Feuille des Jeunes Naturalistcs , ^ 

Field Museum of Natural History. Chicago, Publica¬ 
tion 

Fiji Islands Patent 
Finland Patent • 

BulleHn de la Soci6t6 d’Etudes Scientifiqucs du 
Finistere 
Sec Fennia 

Finska I^akare Sallskapcts Handlingar .. 
vSee Helsingfors^ Bidrag. HeJ^ingfors^ Ofveis 



liv list of ABBRIJVIATIONS to UTFItATURB 


Firenze Accad. Ceorgofili 
Atti 

Firenze, Ann. Miis Kis 
Firenze, Ann. Mus Imp. 

Firenze Congr Bot Atti 

Firenze, Mein. Soc Ital. 
I'irenzc, Opiisc. vSei 
Firenze R. Inst. 

Firenze Soc. (korgofili Atti 

Firenze Soc. Sttuli Geogr. 

Boll. 

Flora 

Flore Jardins 

Flore vSerres 
Florence 
Florke, Report 

I'oldt Kozlon 

Folia Clin 
Folia haeniatol. 

Folia Therap. I.ond. 

I'orbes, Med. Rev. 

Forscli. Agr -I’liys. 

Forster. Allg Banztg. 
Fortschr. Cliein. 

Fortschr Mod. 

Fortschr. Phys. 

I'ortscdir. Rontgenstr. 
Fortschr. Tlieerfarhen- 
Fabrikatioii 
Foundry 
F. P. 

France. Congr. Med. Chir. 
France, Congr. Sci. 

France C'dtes Miner Ktudes 
France, Inst. Provinces 
Anniiaire 

France, Inst. Provinces 
Mem. ^ 

France vSoc. Agnc. Bull. 

France Soc. ^gric. Mem. 

France Soc. Bot. Bull. 
France Soc. Kntom. 

Franc Soc. Miner. Bull. 

V 

France Soc. Zool. 

France Soi; Zool, Bull. ( 


Atti della Rcale Accademia Kcononiico-Agraria dei 
Georgoftli di Firenze 

Amiali del R. Museo'cH Fisica e Storla Naturale 
Amiali (lei Museo Imperiale di Fisica eStoria Naturale 
di I'irenzii 

Atti del Congresso Tnteniazionale Botanico tenuto in 
Firenze nel mese di Maggio 1874 « 

See Modena 

Coliczione d’OpuscoIi scientifici. 

Pubblicazioni (lei R. Istituto di Studi Superiori Pratici 
e (Ii PcrCe/ionanicnto in Firenze 
Atti della (Real) Soeieta Ivconoinica di Firenze ossia 
de’ (ieorgolili 
Sec Riv. Gcogr. Ital. 

I'lora odcr Allgemcinc Botaiiische Zeitung 
Aimales d’llorticulturc et de Botanique, ou Flor?rfes 
Jardins du Royaume des Pays-Bas 
Idore des Serres et des Jardins de Piiurope 
See I‘ircnze 

Repertonum des ncucsten und wissenwurdigsten aus 
der gesamniten Naturkunde 
Foldtaiu Kozlouy. Havi folyoirat kiadja a Magyarhoni 
Foldtaiii Tarsulat 

I'olia cliiiica chimico et miscroscopica 
[•'olia haematologiea , 

I'olia Therapoutiea, London ^ 

The British and I'oreign Medical Review, or Quarterly 
^ Journal of Practical Medicine and Surgery 
Forschuugen auf dem Gebietc der Agrikultur-Phy.sik. 
Allgemcinc Bauzcitimg 

ForJschritte der Chemie, Physik und Physikalischen 
chemie 

Forlschrill'c der Medicin 
I>ie I''ortschritte der Physik. 

Portsthritte auf dem (jcbiete der Rdiitgenstrahlen 
I'ortschritte der Theerfarbenfabril^ation und ver- 
wendter Industriezweigc 
Foundry, The 
ITench Patent 

Congres Mcdico-Chirurgicalc de P'rance 
S(*ssions des Congres vScientifjqucs de France 
Ivtiides des Ciites Mineraux de la France 
Annuaire de I’lnstitut des Provinces et des Congres 
Scicntifiques de Prance 

Memoires de ITnstitut des Piovinces de France: 

vScicnccs physiques et naturclles 
Bulletin des Seances de la Soci^t^- Nationalc d'Agri¬ 
culture de France 

Memoires publics par la Society Nationale d’Agri- 
culture dc France 

Bulletin de la Soci6t6 Botanique de France 
vSee Abeille., Paris, Soc. Pmt. Ann., Paris, Soc. Ent. 
Bull, Rev. Ent. 

Bulletin dc la S^i4t^ Mineralogique de France. 
Bulletin dc la Soci4t6 Francaise de Mineralogie. 
(Ancienne Soci^t^ Mineralogique de France) 
vSec Paris, Cans. Sci. 

Bulletin de la Soci6t^ Zoologique de France *■ 



LIST 6V ABBRKVIATIONS TO LITKRATmK 


Iv 


France Soc. Zool. Mem. 
Frankfurt 

Frankfurt, Jafcr.rf^hys. Vcr. 


Fraiikf. Vcr Pflcgc Phot. 
Frankfurt, Zool Garten 
Frankfurter Zts. Pathol. 
F'ranzos. Ann. 

Freiberg, Jahr Bert*. lIuU. 

Froiburf, Beitr. 

J'rciburg, Bcr. 

J'/cic t. 

Frclon 

Fries, Bot Notiser 
Froriep. Notizeii 
Fuhling’s Ztg. 

Oac ind 

(land. Ann Soc. .Agnc 

Gaiul, Ann Soc. Med. 
('land. Bull Soc. Med. 

Ciartf! Apercu Trav. 

Gard, Mem Acad. 

(iard. Notice Trav. Acad 
Garden & Forest 

Ciardencrs Chron 
*Oarnett. Ann Phil 

(iarten-Flora 
Garten-Ztg. • 

Gartenwclt 
Gas World 
Gaz 

Gazz. del Chn 
Gazz. med. ilal lonib. 

Gazz. Chim. Ital. 

Geelong Field Natiir. Club 
Gehlen J. 

Gendrin, Trans. Med. 
Geneeskundig Mag. 

Geneve, Archiv. 

Geneve, Bull. Soc. Omith 
vSuisse. 

Geneve Conserv. Bot. An- 
nuaire 

Geneve, Inst. Natl. Bull. 
Geneve. Inst. Natl. Mem. 
Geneve, Mus. Hist. Natur. 
Ann. 

Geneve, Recucil Trav Soc. 

Med. # 

Geneve, Soc. Geogr. 


Mcmoircs de la Soci4t6 Zoologiquc do France 
vSee ScnckeiilAirg 

Jahrlnich ziir WTbroitimg natnrwissenschaftlichcr 
Kenntnisse, veranstaltet voin Physikalischcn 
Verem /u*l'rankfurt a/Main 
Soc W’ien, Photogr Correspoml 
Dcr Zoologische Garten Frankfurt a,'M. 

I'rankfurtor Zeit.schrift fur Pathologic 
FraiizDsjschc Aiinalen fur die allgomeinc Naturges- 
chichte, Phvsik, Kc 

Jahrhuoh fur don Berg- und Hultciimann. Iforansg. 

von dcr Konigl. Berg Akadcinie zii Freiberg 
Beitragc zur Uheinisclien Natiirgeschichtc 
Beri<‘ht.c uher die Verhandliingen dor Nalurfor- 
scliend<-n (»eselKohaft /u bVeibiirg i. B. 

I'reie Kunsto 

Le FVelon Journal d'lCnloniologic descriptive 
liotamska Notiser 

Noti/en nns dem (>ebietc dor Natur- und Heilkimdc • 
Fiihlings landwiitschaflliehe Zeiliing 
La Gaceta industrial 

Annales de la So<.'i6t^ Koyale (rAgiicullure et de 
Botrmifiue 

Annales de la Soci^t^ de Medccinc dc ('.and 
Bulletin dc la Societ6 de Medccinc de Gand 
Notice oil Apercu analytique dcs Travaux dc 
rAcailetnic Hoyalc du (.ard 
Mciiioires de rAcademie du (iard 
Notice dcs Travaus dcl’Academic du Card 
Gardi'ii and I'orest. A Journal of Horticulture, 
J.andscape Art and Forestry 
The ('.ardeners Chronicle 

Annals of Philoso])hy, Natural History, Chemistry 
Kc. 

Garten-Flora 

Ncue allgemciJfe I)cutschc Garten- und Blunien- 
zeitung 

Gartenvft'lt, The 
(ias World, The 
Le Gaz 

Gaz/etta della Clinichc 

Gazzelta medica italiana lombardia, Milano 

Gazzetta Chimica Italiana • 

See Wombat 

Journal fur dei Chemic und Physik 
Transactions Mcdicales ^ 

Geneeskundig Magazijn ^ 

See Archives Sci. Phys Nat. 

Bulletin dc la Socletc Omithologiriue^uisse* * 

Annuairc du Conservatoire du Jardin Botanique de 
Geneve 

Bulletin de rinititut National Genevois 
Memoires de ITnstitut National Genevois 
Sec Rev. vSuisse Zool. 

t 

Recueil des Travaux de la Soci6t6 Medicalc de Geneve 
Memoires de 1^ Soci^t^ de Geogiapbic^e Geneve 



Ivi LIST OF ABPRnviATIONS TO UTFRSTt/RE 

• • * 


(Jenevc, Soc l^hys'Meni. 

(ienic civ. 

Cicnova 

Genova, Aim Mns l*hys 
(knova, Ciiorn. 

(fcnova, Mein. Accad. 

(»enova, Mein fst. LiKiiro. 
Genova, ’Mem. Soc. Med. 
Pmml. 

(ienova Mus Civ. Ann. 
(icnova Mits Zool. Anal. 
Comp Itoll 

(ienova, JSoc. Idijnst AUi 

Genova Thiiv Atti 
•('.eogr. .Soc. J. 

Gcojjr. Soc Proc. 

Gcogr Soc. Supi)!. I'ap 
(icol. Mag. 

Gool. Survey, Can 
(icra, Naturwj'^s Jalir 


Cicrfier 

(icrniar, Mag Ivntoni 
(iermar, Zts. !'!nU)m. 
(>ergonno, Ann 
Gesundh. Ing. 

Gew. Ztg 
Gcwcrbc))l Scbvv. 
Gcwerbcbl WiirL 
(icwcrlieh 
(icwerks Ztg 

Giessen, (Mierhess. (ics. 
Ber. 

(iievel, Zts. 

(iilbcit, Ann Pliys 
Gill. Tech. Micro. Repos 
(iiorn Arcad. 

(iiorn farm. chun. 

Gioni (icn. civ 
(liron 1st. I.omj) 

Giom Mineral Cr^^t Petr, 
('tiroinlc Comm. Meteorol. 
(»ironde, J. Meib- 
('.istl, Faunu.s • 

(ilasgow. Inst. Kngin 
'IVans. 

('dasgow Med. Chir Soc 
Trans. 

(dasgow Med. J 
(dasgow Natiir. Hist Soc. 

Proc. & Trans. 

Glasgow Path Clin. Soc. 
Trans. .9 


Memoires de la Soci^t^ de Physique et d’Histoin 
NaturellcMe Genavt- 

Oenie Civil * *“ 

vSee Congr. Bot Iiit. Atti. 1892 
Annah del ^ftlseo CIvico di Storia Naturale 
Giomale degli Stiidiosi di Lettere, Science, ar^i e 
Mestieri 

Memoire dcIl’Accademia Iniperiale dellc Scienze di 
Genova 

Memoric dell’ Istituto Figure 
Memorie della Societa Mcdica di Kraiilazione di 
(Genova 

Annah del Masco Civico di vStoria Naturale di Genova 
Bollettino dei Musei di Zoologia e Anatomia Com- 
jjarata della R. Universita di Genova 
Atti della .Societa Figustica di Scienze Natwrali e 
Gcografiche 

Atti della R Universita di Genova 
Journal of the Royal Geographical Society of Fondon 
Proceedings of the Royal Geographical .Society and 
Monthly Record of Geography 
Royal (kograhical Society. Supplementary Papers 
(ieological Magazine 
U.eological Survey, Canada 

Jahresbericht dor Gescllschaft von Freunden der 
Natiirwissenschaftcu in Gera, nebst Nachrichten 
uber den Naturwissenschaftlichen Vereiii in Schiciz 
r)er (jcrber 

Magazin der lintomologic 
Zeitschrift fur die Kntomologic 
Annales de Matheniatiqiie 
Ge^undheils Ingenieur 
Wieck’s Ciewerbezcituiig 
.Schweizcrisches Gcwcrbeblatt 
Gcwcrlieldalt aus VViirttemberg 
('lewerbe Halle 

Oesterrcichischc Gewerkszeitung 
Berichle der OUcrhcssischen Ciesellchaft fiir Natur- 
und Heilkunde 

See Zts Gesammt. Natiirwiss. 

See Ann. Phys. 

Tcelmicahand Microscopical Rt'pository 
Giornale Arcadico di Scienze 
Gioniale de farmacia, di chimica 
Giomale del (lenio civile 
See Bibl. Ital, 

Giomale di Mineralogia, Cristallografia e Petrografia 
See Bordeaux Soc. .Sci. Mem. 

JoumaF Medical de la Gironde 
Famius 

Transactions of the Institution of Hngiueers and Ship¬ 
builders in Scotland 

Transactions of the Medico-Chirurgical Society of 
Glasgow 

Glasgow Medical Journal 

PfvKcedings and Transactions of the Natural History 
Society of Glasgow 

Transactions of the Glasgow Pathological and Clicical 
Society ‘ 



LIST OF ABBRBVIATIONS TO LITBRATUliE 
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Glasgow Phil. Soc. Proc. 
Glashutte * 

Glas-Ind. 

Gleanings Sci • • 

Globe 
GlOckauf 
Good Roads 

Goodsir, Ann. Anat. 
Physiol. 

Gordon Coll. Phot. Assoc. 
Gdrlitz, Abh. 

Gdtheborg, Handl. 

Gdtheborg, Nya Handl. 

^ttinj^n, Abh. 

Gottingen, Comment. 
Gdttingcn, Nachr. 


Ctdttinger Stndien 
(idUingen, Stndien Ver. 

Grafe, J. Chir. Aiigcn- 
heilh. 

Graph. Mitth. 

(iraubunden Natnrf. Gcs. 
Jahr. 

Ciravenhage, Athenaeum 
Gravenhage, Inst. Ingen 
Tijdschr. 

tiravenhage, Inst. Ingen. 
Uittrek. 

Gravenhage, Inst. Ing^n. 

Verh. • 
Gravenhage, Inst. Ingen 
Verslag. 

Gravenhage, Tijdschr. 

Graves, Natur. J. 

Graz Bot. Inst. Mitth. 
Graz, Unters. Physiol 
Histol. 

Great. Brit. Phil. Soc. 
Greifswald Naturwiss. Ver. 
Mitth. 

Grenoble, Acad. Delph. 

Bull. 

C»revillea 

Groningen, Ann. Acad. 
Gruithuisen, Neue Ana- 
lekt. 

Grunert Archiv. 

Gnmert, Meteor. Optilc 
Guat. P. 


Proceedings of the Philosophical Society of Glasgow 
Olashiittc, Die 
Glas*Indu.«:tru> Dio 
Gleanings in Science 
Sec (>enevc Soc (U'ogr Mem. 

Gluckauf; Barg- imd Hutlcmnaimischc-Zcitschrift 
Good Roads 

Annals of Anatomy and Ph\sioIogy 
See Wombat. 

Abhnndhingen <ler Natuiforschcndcn ('.escllschaft ni 
Gorlitz 

Gotheborgs Kongl. Vetenskaps och Viltcihcls Sam- 
hallos Ilandlingar 

Nya Handlingar af Kongl. Vettenskaps och Vilteihets 
Samhallet i Gotheborg 

Abhandlungen der Koniglichen Gesell.sohaft dn Wis- 
scnschaften zu (lotlingen 
Commeiitationes reccntiorcs Socictatis, etc 
Nachrichten von der Gcorg-Augusts Dnivarsitat mid 
der Konigl Gescllschafl der Wisseiichafteii y.u Got* 
tingen 

Gottingcr Stndien 

Studicn des (jottingischen Vereins Bergmannisclicr 
I'reimde 

Journal der Chirurgie und Aiigen-Hedkmide 

Schweizer graplii.<;che Miltellmigeii 
Jahrcsbericht der Nntiirforschenden (’.csdlscbaft 
Graubiindens 
Athenaeum 

Tijdschrift van het Koninklijk Instituut van Ingen- 
ieurs 

Uittrcksels uit Vrcenule Tijdschiiften voor de bedeu 
van het Koninklijk Instituut van lugcnieurs 
Vxrhandehngen van het Koninklijk Instituut vim 
Ingenicurs • 

K. Instituut van lugcnieurs. Algemecu Verslag van 
dc Wi'irkzaamhcden on Notukn der Vergaderiiigeu 
Tijdschrift voor Hntoinologie, <loor de Kedcrlaiulst'he 
Ibitoinologischc Vereeniging 
The Naturalists' Journal and Miscellany 
Mittheilungen aus dein Botanischen Institute zu Graz 
I'ntersuchungcn aus dern Insliltitc fur Physiologic und 
Histologic 

vSee Victoria Inst. J. 

See Neu-Vorponimem Miilh. 

• 

Bulletin de I’Academie Delphinaft’, oil Soci^t6 des 
Sciences et Arts dc Grenoble • ^ 

Grcvillea, a Quarterly Record of Qryiltogamic Botany 
and its literature 
Annalcs Acaderniac Groninganae 
Neue Analekten^fur Krd- und Hiinmels kunde 

AJehiv fur Mathematik und Physik 
Beitrage zur meteorolojfischen Optik, etc. 

Guatemala Patent 
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Ivllfr OK ABBREVIATIONS TO LITERATURE 


Guia Mincro * 
Guillcmin, Archiv. Bot. 
Gummi-Ztg 

Gunsbtjrg, Zts. Klin Med 

Gurlt,“ Mag. (»es. Thicr- 
hcilk 

Guy’s Hosp Rep. 

Haarlem Kolon. Mas 
Bull 

Haarlem, Mus. Teylcr 
Archiv. 

Haarlem, Naluiirk. Verh. 
Maatscli. Wet. 

Haaxman, Tijdschr. 

Habana Acad Anales. 

Hae.ser, Archiv. Med. 

Hage 

Hahnemann Month. 
Ilaidinger, Abh. 

Haidiuger, Ber. 

Hainaut Soc Mem. 

Hall, Bijdragen 
Halle, Abr. Natuiwiss. 

Vcr. 

Halle aux cuirs, I,a 
Halle, Jahr. Naturwiss. 
Ver. 

Halle Kryptog. Lab. 

Halle, Naturf. Ges. Abh. 

Halle, Naturf. Ges. Ber. 
Halle, Naturf. Ges. Ncu. 
Schr. 

Halle, Zts. Ges. Natui^viss. 
Hamburg, Abh. Geb. 
Naturwiss. 

Hamburg Bot. (tcs. « 
Hamburg, Mitth. 

Hamb. Mus. Ber. 

Hamb. Mus. JShr. 

« 

Hamb. Mus ^Jitth. 

Hamb. Naturwiss. Vei. 
Abh. 

Hamb. Ver. Naturwiss. 

Unterh. Verh. 

Hamb. Wiss. Anst. Jahr. 


Guia del Minero. Peridllico cientifico, industrial y 
mercantil * 

Archives de Botanique, ou Recueil Mensuel de Me- 
inoircs originaux,‘etc. « c 

(»ummi-Zeitung 

Zejtschrift f*r yinische Medizin, mit dem Verein fur 
l)hy.siologische Heilkundc in Breslau ^ 

Magazin fur die gesammte Thier-Heilkunde 

(juy’s Hospital Reports 

Bulletin van het Koloniaal Museum te Haarlem 
Archives dii Musee Teylcr 

Natuurkundige Verhandelingcu van de (Bataafsch) 
Hollandsche Maatschappij der Wetenschappente 
Haarlem ^ '' 

Tijdschrift voor Wetten'^chappclijke Pharinacic, etc.* 
Anales de la (Real) Academic de Ciencias Medicaes 
Pisicas y Naturaks de la Habana 
Archiv fur die gesammte Mcdicin 
Sec Gravenhage 

Hahnemannian Monthly, Philadelphia 
Naturwissenschaflliche Abhaudlungen 
Berichte uber die Mittlieilungen von Preuiiden der 
Naturwissenschaften in Wien 
Menioires et Publications <lc la Societ4 des Sciences, 
dcs Arts et des Letlrcs du Hamaut * 

Bijdragen tot de Natuurkundige Wetenschappen 
Abhandluiigeu des Naturwissenschaftlichen Vereins 
fur vSachsen imd Thiiriugen in Halle 
Halle aux cuirs. La 

Jahresbericht ties Naturwisscnshaftlichen Vereins in 
Halle 

See Beitr. Physiol Morphol. 

Abhandhmgcn der Naturfor^henden Gcscllschaft zu 
Halle%, 

Bericlit der Naturforschenden Gesellsciiaft zu Halle 
Neue Schriften«der Naturforschenden Gcsellschaft zu 
Halle 

Zeitschrift fur die gesammteii Naturwissenschaften 
Abhaudlungen aiis dem Gebiete der Naturwissen¬ 
schaften 

Sec Bot. Centrbl. 

Mittheilungen aus den Verhandhmgen der Natur- 
wissenschaftlichen Gesellsciiaft in Hamburg 
Naturhistorisches Museum zu Hamburg. Berichte 
Jahresbericht uber das Naturhistorische Museum zu 
Hamburg 

Mitthj*ilung aus dem Naturhistorischen Museum in 
Hamburg 

Abhandlungen aus dem Gebiete der Naturwissen¬ 
schaften herausgegeben vom Naturwissenschaftlichen 
Verein in Hamburg 

VerhaniTmngea des Naturwissenschaft- 

liche Unterhaltung zu Hamburg 
jbhrbuch der Hamburgischen Wissenschaftlichen An- 
^ stalten 



LIST OK ABBRiiVlATIONS TO I.^friiRA’rtJKE Hx 


Hampshire Field Club Pap.* 
& Proc. • 

Hannover Architekt -Ver. 


Hannover Jahr. 

Haftnoverisclie Ann. 
Harlem Soc. Holland. Sci. 
Hartford, Trans. 

Harvard Mus. Zool. M<im. 

Harvard Mu.s. Zool Bull. 

Harz, Naturwiss. Ver. 
Ber. 

►Havr^, Corcle Hot. 

Haw. P. 

Haye 

Heart 

Hcdwigia 


HeiJelb. Jahr. Bit. 

Heidc-lb. Naturhist. Med. 
I'est.sehr. 

Heidelb. Naturhist. Med 
Verb. 

Hcidclb , Verh. 

Heis, Wochcnschr. 

Heller, Archiv. 

Helsingfors, Acta Soc. 
Sci. Fenn. 

Helsingfors. Bidrag Fin- 
lands Natur o Folk. 
Helsingfors, Bidrag Fin- 
lands Naturkann. 
Helsingfors, Faun. Flor. 
Fenn. Acta. 

Helsingfors, Fauna Flora 
Fenn. Medd. 

Helsingfors, Faun. Flor. 

Fenn. Notiser 
Helsingfors, Ofvers, Finaka 
Vet. Soc. 

Helv. Cbim. Acta 
Henle und Pfeufer, Zts. 
Hermannstader Verh. 


Papers and Proceedings of the H.lmpslnre Field Club 

Zeitschrift dgs Architekten- und Ingenicur-Vereins zu 
Hannover. Zeitschrift fur Architektur nnd In- 
genicurwesen 

... Jahresb^^richt dor Naturhistorischen Ocsellschaft 
zu Hannover 

Haunoverische Annalen fur die gesainnite Ikilkunde 
See Arch. Neerland 

Transactions of the Natural History Society of Hart¬ 
ford 

Memoirs of the Museum of Comparative Zoology at 
Harvard College 

Bulletin of the Museum of Comparative Zoology at 
Harvard College, in Cambridge 
Bcrichte des Naturwissensohafthcheu Vcieins des 
Harzes zu Blankcnburg 

Cercle pratique d’Hortieullure et de Botaniejue dc 
rarrondissement du Havre. Bulletins 
Hawaiian Patent 
See Congr. Int. Hyg. C. K , 18K4 
Heart 

Hedwigia. liin Noti/.blatt fur Kryptogamischc Stu- 
dien nebst Fopertorium fur Rryptogamischc Bitera- 
tur. Hedwigia. Organ fur (si)ecielle) Rrypto- 
gamcnkimde (und Phylopathologic) nebst Beper- 
torimn fur (Kryptoganusehe) Biteratur. 

Jahrbuehcr dor Biteratur. Verhandhmgen des Natur- 
historisch-Medicinischen Vereins zu Heidelberg 
Festchrift zur h'cier des funfhimdortjahrigen Bestehens 
der Kupcrto-Carola dargebracht von dem Natnr- 
historisch-MecIicinischen Vcrcin zu Hcidcll>crg 
V'erhandlungen dcs Naturhistorisch-Mediciiiischen 
Vereins au Heidellx^rg 

Vcrhandlungcu der in Heidelberg versanimelten 
Augenarzte 

Wochensclirift ^fiir Astionomie, Metcorologie, und 
Geographic 

Archiv Jur physiologischc und pathologische Chemie 
und Mikroskopie 

Acta Societatis Scientiarum Feiinlcac 

Bidrag till kaiinedom om Finlands Natur och Folk, 
utgifna af Finska Vetenskai)|-SocictetGn 
Bidrag till Finlands Naturkamiedom, litnografi och 
Statistik, utgifna af Finska Vetenskaps-Societeten 
Acta Societatis pro Fauna et Flora ]k*nnica 

• 

Meddelanden af Socictas pro FauiA et Flora Fennica 

Notiser ur Sallskaix ts pro F'aui\p « Flora Fecnnica 
Forhandlmgar 

Ofversigt af Finska Vctenskaps-Societatens Fdr- 
handtingar 

Helvetica Chindca Acta 
v^e Zeitschrift fur rationelle Mcdicin 
Vcrhandlungen und Mittheilungen des Sicbenbiirg- 
ischen Vereins fiir Naturwissenschaften in Hermann- 
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MS^ OP XniiRKVIATlONS TO I4TERATURE 


• • 

Hermbstatt, Archiv. 

Ilermstadt, Bull. 
Ifcrtnbstadt, Mtisotun 


Hertha 

Herts, Natur. Hist, vSoc. 
Trans. 

Hessen, Naturhist. Verg. 

Heusingcr, Zts. 

Hide and I.eather 
High Wycombe Natur. 

Hist. Mag. 

Highland Soc. Trans. 

Hildesheim Kocmicr-Mus. 
Mitth. 

Himly, Bibl. Ophthalm, 

Hippone 

Hisingcr, Afh. 

Hobart Town 
Hocveii eii Vriesc, Tijd- 
schr. 

Mag. 

Hoffman, Phytogr Blatt. 
Holl. P. 

Holland, Beitr. 

Holland, Mag. 

Holincsdalc Natur. llLst. 

Club Proc. 

Homme 

Hooker, Bot. Misccll. 
Hooker, Comp. Bot. Mag. 
Hooker, Bond. J. Bot. 
Hoppe, Bot. Taschenb. 

Horae Soc. Ivntom. Ros'^i- 
cae 

Horkel, Archiv.'^ 

Horn, Archiv. Meil. 

' Horn’s Phot. J.*, 
Homschuch, Archiv. 
Horolog. J. 

Hortic. Soc. J. 

Hortic. Soc. Trans. 
Hufelaiid, J. Arzn. 
Humboldt. 

Humming Bird 


Archiv dcr Agriculturclfemie fur denkende Land> 
wirthe * 

Bulletin des Neuesteo und Wissenwiirdigsten aus der 
Naturwisscnschaft, etc. # • 

Museum dcs Neucsten und Wissenwurdigsten aus 
dem Oebittc der Naturwis-senschaft, der Kiinste, 
der Fabriken, der Manufakturen, der techni^hen 
Gewerbe, der Landwirthschaft, der ' Produkten* 
waaren und Handelskunde, und der burgerliehen 
Hatishaltung, &c 
Hertha 

Transactions of the Hertfordshire Natural History 
Society and Field Club 

Verhandluiigen dcs Naturhistorisclicn Vereins fiir das 
Gross herzogthum Hessen und Umgebung 
Zcitschrift fiir die organische Physik 
Hide and Leather * 

The Quarterly Magazine of the High Wycombe Natural 
History Society 

Transactions of the Highland and Agricultural Society 
of Scotland with an abstract of the Proceedings 
Mitthcilungen aus dem Roemcr-Mtiseum Hildesheim 

Bibliothek fur Ophthalmologic 
See Bone 

Afhandlingar i Fysik, Kerni, och Miiicralogic 
See Tasmania *' 

Tijdschrift voor Natuurlijkc Gcscliicdcnis en Pllysio- 
logie 

Magazin fur die gcsammle Mineralogie, Gcognosic, 
etc. 

Phytographischc Blatter 
Hofland Patent 

Hollandsiche Bcitrage zu den anatomischen und* 
physiologisclicn Wisscnscaften 
Tlollandischcs Afagazin der Naturkunde 
Proceedings and Annual Reports of tVe Holmcsdale 
Natural History Club. Rcigate, for the years 1865-67 
L’Homme: Journal illustre des Sciences Authro- 
pologiques 

The Botanical Miscellany 
Companion to the Botanical Magazine 
London Journal of Botany 

Ncucs Botanisches Taschenbuch fur die Aiifangcr 
dicfser Wisscnschaft und dcr Apothekerkunst 
Horae Socictatis Kntoinologicae Rossicae variis ser- 
monibus Rossicae usitatis 
Archiv. fiir die thicrische Chemie 
Archiv. fur praktische Medizin und Klinik 
Horn’s photographisches Journal 
Archiv Skandinavischer Bcitrage zur Naturgeschichte 
The Horological Journal 

Journal of the Royal Horticultural Society of London 
Transactions of the Horticultural Society of London 
Journal der practischeq Arzneikunde 
Humboldt. Monatsschrift fur die Gesamten Natur- 
(wissenschaften 

The Humming Bird.scientific, artistic add in¬ 
dustrial Review . . 



LIST bp ABBREVIATIONS TO MTERATtiRE 


Ixi 


« 

Hongkong P. 

Hung. P. 

Hutm. Ztg 
Hyg. Congr. 

Hyf. Rundschau. 

Hyg. viande 

lekaterinenb., Soc. Dural. 

Bull. 

II Berico 
II Cimento 

II. Giamb-Vico 
H Progresso 

II Subalpino 

II Tempo 

•III. Iiftects Kep. 

III I,ab. Natur. Hist. Bull. 

III. Mus Natur. Hist Bull. 

Illigcr, Magazin 
Illumin Bngin. (houdon) 
Illust. Ilortic 

lllujt landw. Ztg. 

Illust. OlT. J. 

Illust. Wochensohr. Tiu* 
torn 


^ Impr 
Ind. Chiin. 

Ind. iait. • 

Ind. Text. 

Ind. Ztg. • 

Index Med. 

India Agric. Soc J. 

India, Agric. Soc Proc. 

India Agric. Soc. Trans. 

India Bot. Surv. Records 
India Dept. Agric. 

India, Govt. Records (For. 
Dept.) 

India, Govt. Records 
(Home Dept) 

India P. 

India Rev. 

India Rub. J. 

India Rub. World 
Indian Ann. 

Indian J. Med. Phys. Sci. 
Indian Med. Gaz. 


Hongkong Patent 
Hungarian Intent 
Deutsche Hiitmachcr-Zcitung 

See Congr. Int. Hig. Act.; Congr. Int. Hyg. C. R.; 

Int. Con?r. Hyg. .'^rb.; Int. Congr. Hyg. Trans. 
Hygienische Rundschau. Berlin 
Hygiene de la viande et du lait, L’ 

Bulletin de la Society Ouralicnne (I’.Xinateiirs <les 
Sciences Nalurcllcs 
11 Berico 
II Cimento 
II Giambattista-Vico 
II Progresso dcllc Scienze, I.ettere, cd Arti. 

II Subal})ino. Gionmie di Scienze 
T1 Tempo, Giornale Italiano di Mcdicma 
... Report of the State Kntomologist . on the Noxious 
and Beneficial Insects of the State of Illinois 
Bulletin of the Illinois State I.aboratory of Natuial 
History 

Bulletin . of the Illinois State Museum of Natural 
History 

Maga/in fur lusektcnkunde 
Illuminating Kngincer (Condon), The 
Illustration liorticole, journal special des Senes et des 
Jardins 

lllustriertc landwirtschaflliche Zeituiig 
Illustrated Ofticial Jounial, The (Patents) 
lllustriertc Wocliensclirift fur Kntotnologie Inter¬ 
nationales Organ fur alle Inlcrcssen dor Insektcn- 
kiindc. OHirielles Organ dcr Berliner Ivnlomolo- 
gischen C'.cscllschaft 
I/iniprimcrie 
Industria chimica 
LTuduslrie laitiere 
L’industric textile 
Deutsche Indullrie Zeituug 
Index Medicus, Washington 

Jounial*of the Agricultural and Horticultural Society 
of India 

'Proceedings of tlic Agricultural and Horticultural 
Society of India 

Transactions of the Agricultural and Horticultural 
vSociety of India * 

Records of the Botanical Survey of India 
India Department of Agriculture, Publications 
Selections from the Records of the^Government of 
India. (Foreign Department) ^ 

Sklections from the Records of the Government of 
India • 

Indian Patent 

India Review and Journal of Foreign Science and 
the Arts 

India Rubber Jj>unial 
India Rubber World 
Indian Annals of Medical vScience 
Indian Journal of Medical Science 
The Indian Medical Gazette, a monthly record of 
Medicine, &c. 
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LIST OF AnimRVIATIONS TO LITERaI'ITRF. 


Indian Metcorol. Mem. 


Indian Mus. Notes 
Industricztg. Ungam 
Ingenieur 

Inghiranii, (■)])iis('oli 
Innsbmck, Jahr. 

Innsbniek Naturwiss. 
Med. Her. 

Innsbruck, None Zts. 
Innsbruck, Zts. I'erdinan- 
dciinis 
Inst. 

Inst. Act. J. 

Inst. I^rcwing Trans. 

Inst. Civ. Kng. Proc. 

Inst. ICgypt. Bull. 

Inst. Ivgypt. Mem. 

Inst. lUcct. Kngin. J. 

IiLst. Meehan. lingin. 
Proc. 

Inst. Min Ivng Trans 
Inst. Min. Met. Trans. 

Inst. Solvay Trav. 

Intell. Observer 

Inti Ikiti. Path. Tlicrap. 


Inll. Congr Appl Chem. 
Inti. Congr Hyg. Trans. 

Inti. Congi Zool Proc. 
Inti. Kntoin •Vc’" 

Inti. Med. Congr. 'iVans 
Inti. Med. Congr Veih. 

Tntl. J. Aiiat. * 

■ Inti. Mschr. Anat. 

Inti. Sugar J. . 

Inti. Zentr. flau^cram. 
Glasiiid 

<TntI. Zts. Kietall«g. 

Invent. Rcc. • 

Iowa Acad. Sci. Proc. 

Iowa Univ. Lab. Natur. 
Hist. Bull. 

Ireland, Coll. Physicians 
Trans. 

Ireland, Inst. Civ. Eng. 
Trans. 


Indian Meteorological Memoirs: being occasional 
Discussiotft and Compilations of meteorological 
data relating to India and the neighboring coun¬ 
tries 

Tiuliaii Musci/bi Notes 
Industriezeitung fur Ungarn 
E'er Ingenieur 

Niiova Collezione di O^uscoli c Notizie di Scienzc 
Jahresl>ericht der k. k. Obcr-Realschulc zu Innsbruck 
Bcrichtc des Naturwissenschaftlich-mcdizinischen 
Vcreiiics in Innsbruck 

Neue Zcitschrift des Ferdinandcums fur Tirol 
Zcitschrift des Ferdinandeums fur Tirol und Voralberg 

LTnstitut 

Journal of the Institute of Actuaries (and Assi*rance, 
Magazine) 

Transactions of the Institute of Brewing 
Minutes of the Proceedings of the Institution of Civil 
Ivnginecrs 

Bulletin de ITnstitut Hgypticn 
Memoires (on Travaux originaux) presentes (et lus) 
a ITnstitut Egyptien 

Journal of the Institution of Electrical Engineers 
Institution of Mechanical Engineers. Proceedings 

Transactions of the Institution of Mining Engineers 
Transactions of the Institution of Mining and Metal¬ 
lurgy 

Tnstitut Solvay. Travaux de Laboratoirc 
The Intellectual Observer 

Internationale Beitrage zur Pathologic und Therapie, , 
die I^midinmgsstorimgcn, StolTwechscl und Ver- 
dauungkrankheiten , 

International Congress of Applied Chemistry 
Transactions of the International Congror;s of Hygiene 
and Demography 

Proceedings Tnteftiational Congress of Zoology 
See Zurich, vSoc. Ent. 

Transactions of the International Medical Congress 
Verhandhin^en des Intemationalcn Medicinischen 
Congresses 

Monthly International Journal of Anatomy and His¬ 
tology (Physiology) 

See Inti. J. Anat. 

International Sugar Journal, The 
Internationales Zentralblatt fur Baukcramik und 
Glasindustrie 

Internationale Zcitschrift fur MetaUographie 
Inventor’s Record, The 
Proceedings of the Iowa Academy of Sciences 
Bulletin from the Laboratories of Natural History of 
the State University of Iowa 
Transactions of the Association of Fellows and Licen¬ 
tiates of the King's and Queen’s College of Physi¬ 
cians in Ireland 

The Transactions of the Institute of Civil Engineers of 
Ireland * ♦ 



LIST OF A^HRliVTATlONS TO LlTEIL\TrRD 
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Ireland Roy. Soc. Ant. 

Rroc. 8c Pap. ^ 

Ireland Zool. J^oc, 

Iris 


Irish Acad. Cuiininghain 
Mem. 

Irish Acad. Proc. 

Irish Acad. Trans. 

Irish Natnr. 

• • 

Iron 

Iron Age 

Iron Coal Trades Rev. 

Iron Steel Inst. J. 

Iron Steel Inst Trans. 
Isenflainm, Reitr. Zerg- 
lied. 

Iscre Soc. Pull. 


• 

Isle of Man Natur Hist. & 
Antiq. Soc. 

Ital. P. 

Italia, Soc. Bot. Bull. 

Italia Soc. Crillog. Atti 
Itf^ia Soc. Crittog Com¬ 
ment. 

Italia Soc. Crittog Mem, * 
Italia, vSoc. Kntom Bull. 
Italia, Soc Zool T!oll 
Ithaca, Cornell Univ Bull. 

Anicr. Palcont. 

J. 

J. A. C. S. 

J. Adv. Therap. 

J Agric. 

J. agric. Hort. 

J. Agric. Prat. 

J. Agric Sci. 

J. agric. Soc. 

J. Agric. Tropicalc 
J. allied Soc. 

J. Amer. Lea. Chem. As¬ 
soc. 

J. Amer. Med. Assoc. 

J. Amer. Pharm. Assoc. 

J. Amer. Soc. Meehan. 
Eng. 

J. Anal. Chem. 

J. Anat. 

J. Anat.^^hysiol. 

J. Appl. Chem. 


See Dublin, Roy. Soc. Ant. Tr. Jl. 


See Irish Katlist 

Corresponden;»)Blatt des lintomologisclicii X’erciiis 
Ins 711 Dresden Iris, Dresden. Deutsche lintomo- 
logischc Zcitst'hrift herausgegelK’U von ^Icr (.iesell- 
bchaft Iiis 7u Dresden m Vcrbmdung nut dcr 
Dcutsclicn lintoniologischcn ('jesdlschaft /u Berlin.. 
rorlsct/ung des "Correspondcn/.-BIattes des Ivnto 
mologist'hcn Vcrcins Iris ” 

Royal Irish Aeadeniy. Cunningham Memous 

Proceedings of the Royal Hisli Academy 
The Tiansaclions of the Royal Irish Academy 
The Irish Naturalist: a monthly Journal of general 
Irish Natural llNtory 
lion 

Iron Age 

lion Coal Trades Review 
The Journal of the Iron & Steel Institute 
Transactions of the lion and Steel histitnle 
JJeitrage fur die Zerghc<lerungskuiist 

Bulletin dc la Society de Statistique, des Sciences 
nalurellcs et des Arts imlustriels du 1 >e()artenu‘nt <le 
ri.sere 

See Yn Lioar Manninagh 
Italian Patent 

Bullcttmo della Soeicta Bolanica Italiana 
Atti della Societa Cnttogainologica Italiana 
Commentano della Societa Crittogamologica Italiana 

Memoiie della Societa Crittogamologica It;diana 
Bullettino della So<^*ta Juilomologica Italiana 
Bollcttino della Societa Zoologica Italiana 
Bulletins of*Ameriean Paleontology 

Journal 

Journal of the American Chemical Sotdctv 
Journal of Advanced Therapeutics, New Yoric 
The (Quarterly) Journal of Agricirttnre 
Journal dc rAgriculture, le Horticulture, etc. 

Journal d'Agricullure pratique, etc. 

Journal of Agricultural Science 
Journal of the Agricultural Society 
Journal d’Agriculture tropicalc 
Journal of the Allied Societies (Dental) 

Journal of the American Leather Clicmrsts’ Associa¬ 
tion 

Journal of the American Medical Association 
Journal of the American Pharmaceutical Association 
Journal of the American Society of Mechanical Engi¬ 
ne's 

The Journal of Analytical fend Applied) Chemistry 
Journal de I’anatomie de la Physiologic normales ct 
pathologiques dc I’homme et des animaux 
The Journal of Anatomy and ^hysiolfgy 
Toumal of — 



Ixiv 


,IST OF AUBRFVIATIONS TO TJTERATUKE 


/. App/. Micr 
J. Assoc. Eng. vSoc. 

J. Biol. Cheni. 

T- Bo*. 

I. Buchdr. 

J. C. vS. 

J. Camera Club 
T. Can Min Inst. 

J. Chem Met. Soc, Souili 
Af. 

J. chini. med. 

J. chim. pfiys. 


]. Cliir. 

f. Chir. Augcnhcilk. 

J Coll. Afiric. Imi) Viiiv. 
'fokyo 

J Comp. Path Thcrnp 

T Conch 
J. ccole poly. 

T. lintoin. 

J. livp. Med, 

T. Evp. Zool. 

T. fabr. sucre 
J. Frank. Tnst 
J C'-aslK-Iriicht 

I. (Jaslb'htmg 

J. C'icn. Physiol 
T (lOnieCiv. 

J. ('.col 

J. ('.oUlsclini. 

J.neb Med 
J. licb. vSei. Med. 

J. Home licon. 

J. Hygiene 

J. Tnd Fng. Chcin. 

J. Indian Archipcll 
J. Infect. I)is. 

J Tnst. Ricwing 
.T. Inst. Medals 
J Inti. Anat. , 

J. Invent. 

J. La?idw. 

J. Med. Chir. Kiarm. 

J. Med Paris 
J. Med. Research 
J. Microgr 
J. Micro. vSei. 

J. Mines 


J. mines met. 

J. Morphrl. ^ 


lournal of AppIied*Microscopy 
Journal of the Association of Kngjpe|ring Societies 
Journal of Biological Chemistry 
Journal dc* Bofanique 
Journal fur Buchdruckerkunst 
Journal of the Chemical Society, London • 
Joimial of the Canftra Club 
Journal of the Canadian Mining Institutes 
Journal of the Chemical, Metallurgical and Mining 
Society of South Africa 

Journal dc chiniie nicdicalc, de pharmacic ct de toxi- 
cologie 

Journal de chimie, phy.sique, electrochemie, thermo- 
chimie, radiochimic, mechanique, chimie, stoichio- 
luetrfc 

Journal de Chirurgie • • 

Journal dcr Chirurgie imd Augenheilkunde 
Journal of the College of Agriculture, Imperial Uni¬ 
versity of Tokyo 

The Journal of Comparative Pathology and Thera¬ 
peutics 

The Journal of Cotichology 

Journal de I’lvcole polytechniquc 

Journal of ICntomology, descriptive and geographical 

Journal of Experimental Medicine « 

Journal of Experimental Zoology, The # 

Journal dcs fabricants de sucre 

Journal of the Franklin Institute 

Journal fur Gasbeleuchtung 

Journal of Gas Lighting 

Jotirnal of General T^hysiology 

Journal du Genic Civil dcs Sciences et dcs Arts i 

Journal of Geology 

Journal der GoldscliiniedcKunst uiid verwandter Ge- 
wrt'bc 

Journal Flelxlomadaire de Mcdecine* 

Journal HclKlomadaire des Progres des Sciences et 
Institutions Medicales 
Journal of Ilonic Economics, The 
Journal of Hygiene 

Journal of Industrial and Engineering Chemistry 

Journal of the Indian Archipelago and Eastern Asia 

Journal of Infectious Diseases 

Journal of the Institute of Brewing 

Journal of the Institute of Metals 

Sec Int. J. Anat. 

Journal des Inventeufs 
Journal fur Landwirtschaft 
Journal dc Medecine, Chirurgie, Phanuacie 
Journal dc medicine de Paris 
Journal of Medical Research 
Journal de mlcrographie 
Quarterly Journal^of Microscopical Science 
Journal des Mines, ou Recueil de Memoires stir Pex- 
ploitation des Mines, et sur les Sciences et les Arts 
qui s'y rapportent 

Journal des mines et de metaljurgie 
Journal cf Morphology 
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J. Mus. Godeffrpy 


J. Mycol. •* 

J. N. Kngl. Water Works 
Assoc. 

J. Op^halniol. 

J. Omith. 

J. Papier 

J. Path. Bact. 

J. Petrole 
J. Pharin. 

J. Phann. Anvers 
J. Phann. Chim. 

J. Phann. lilsa.ss-I.olh' 
jfingen# 

J. Pharm. Soc Japan 

J. Pharmacol. 

J. Phot. vSuppl. 

J. Phot. Soe. 

J. Phys. 

J. Phys. Chein. 

J. Phys^Chim. 

J. Physiol. 

J. physio! path gen. 

J. prakt. Cheni 
J. Psychol Meil 

J. Roy Agric Soc 

J.* Roy. Astron Soc. 

Canada « 

J. Roy. Inst Pub. Health 
J. Roy. San. Inst# 

J. Roy. Soc. N. S. Wales 
J. Roy. U. S. Inst 
J. Russ. Phys. Ciiem Soc. 

J. S. C. I. 

J. Savants 
J. Sci. 

J. sci math, physi. nat. 

J. Soc. Arts 
J. Soc. Dyers Col. 

J. soc. pharm. Anvers 

J. Soc. Telegr. Rng. 

J. State Med. 

J. suisse chiin. pharm. 

J. Travel 
J. Trop. Med. 

J. U. vS. Artill. 

J. Univ, Med. 

J. Univ. Sci. Med. 

J. Wash. Acad. Sci. 

J. Westtrn Soc. Eng. 


Journal dcs Museum Godeffroy. Gcographische, 
Kthnograplii^'he und Naturwisscnschaftlichc Mitt- 
hcilungen 

The Journal of Mycology 

Jounial Kew England Water Wotks Association 

Jounia! il'(.)])htha!inologie 
Journal fur Onuthologie 

Journal de I>ahricants dc Papier, foiide et pnbho par 
L. Piettc 

The Journal of Pathology and Bacteriology 

Journal du petrole 

Journal de l’h.armacie 

Journal <le Ph.uniaeie d'Anvers 

Journal dc Phariuacie et dc Chiinie 

Journal de pliariiiaeie von lilsass-hotliiingen 

Yakagakuzasshi (Journal of the pharmaceutical 
society of Japan) 

Journal of Pharmcology and E.xpcriincntal Theia- 
peutics 

Journal of Photographic Supplies 
Journal of the Pliolographic Society 
Journal de Physique theonqne et appliriuee 
'I'he Journal of Physical Chemistry 
Journal de Physique, de Chiinie, ct <le I'Histoire 
Natiirellc 

The Journal of Physiology 

Journal de physiologic et dc pathologic general, Paris 
I'irdinaini’s Journal fur piaktischc Cheinic 
Journal of Psychological Medicine and Mental P.vth- 
ology 

Journal of the Royal Agricultural Society 
Journal of the Royal Astronomical S(x:icty of Canad.i 

Journal of the Royi^ Institute of Public Health 
Journal of the Royal Sanitary Institute 
Journal of tjie Royal Society of New South Whales 
Journal Royal I'liiterl Service Institution 
Journal of the Russian I’hvbical Chemical Society 
Journal of the Society of Chemical Imlustry 
Journal des Savants 
The Journal of Science. • 

Journal de sciencias niaihematic.as. physicas iiaturacs 
Journal of the Royal Society of Arts 
Journal of the Society of Dyers and (Colorists 
Journal de pharmacie, organe de la soci6t6 lie pharmaeie 
d’Anvers • 

Journal of the Socic^ of Telegraphic Pmgineejs 
The Journal of State Medicine , ^ 

Journal suisse de chimie et pharmacie 
The Journal of I'ravcl and Natural History 
The Journal of Tropical Medicine 
Journal of the United States Artillery 
Journal universel et hebdomadaire de Medecinc et de 
Cbirurgie pratiques et d^ Institutions medicales 
Journal Universel des Sciences Medicales 
Journal of the Washington Academy of Sciences 
Journal of the Western Society of E|igineers 
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USX OK AUBRIvVIAXIONS TO IvITlvRATURE 


Jaarl). Mijnw. Netlcrl. 
Iiid. 

Jahr. - Jahreslx-richt 
Jahr Agrik.-Chein 

Jahr. IkTK- ii. Ihittcnw. 

Jahr. Kinilcrheilk. 

Jahr. Chrm. 

Jahr. Oahr. Organ. 

Jahr. Mineral 

Jahr. Mineral lieil.-Rd 

Jahr Pharm. 

Jahr. Phot. 

Jahr. Phot. Reprod. 

Jahr. IMiy. Ver. Frank¬ 
furt 

Jahr. Physiol. 

Jahr. Radioactiv. lilcc- 
trouik. 

Jahr. rein. Chcin. 

Jahr. Tier-Chem. 

Jahr. wiss. Bot. 

Jamaica Inst. J. 

Jamaica P. 

Jamaica Soc. Arts. Trans. 
Jamain, Archives Oph- 
thahn. 

Jap P. 

Jardine, Mag Zool. Bot. 
Jena Ann. Acad. 

Jena Ann. Phys. Med. 

Jena Ann. Soc. Mineral 

Jena Dcnkschr. 

Jena Gcogr. Gcs. Mitth. 

Jena Sitzber. * 

Jena Zts. 

r 

• 

Jeni-^ontorct’s Ann. 

Johns Ho^ins Biol. Lab. 

Mem. *■ 

Johns Hopkins Biol. Lab. 
Stud. 

Johns Hopkins Univ. Circ. 
Jura, Trav. Soc. limul. 

Jurjew V ' 

Just’s bot. Jahr. 

Kali 


Jaarbock van het Mijifwczcn in Ncrdcrlandsch Cost- • 
Indie ' 

Jalirbuch 

Jahrcsbericlit uber die Fortschri^tei-dcr Agrikultur- 
clicmie mit besonderer Berucksichtigung der Pflanz- 
enchemfe und Pflanzenphysiologie 
Jahrbuch fur das Berg- und Huttenwesen im^Kdnig- 
reichc Sachsen 

Jahrbuch fiir Kindfcrheilkunde und physische Erzieh- 
img 

Jalircsbericht der Chemie (Liebig-Kopp) 

Jalircsbericht uber die Fortschritte in der Lehre von 
den (jahrungs-Organismen (Koch) 

Neucs Jahrbuch fur Mineralogie, Geologic und Palaeon- 
tologic 

Neues Jalirbuch fur Mineralogie, Geologic, und 
Palaeontologie, Beilage-Band ^ 

Jahresbcricht der Pharmacic ’ 

Jahrbuch der Photographic (Eder) 

Jahrbuch fur Photographic und Reproduktiontechnik 
See Frankfurt, Jahr. Phys. Ver. 

Jalircsbericht uber die Fortschritte der Physiologic 
Jahrbuch der Kadioaktivitut und Klcctronik 

Jahresbcricht der rcinen Chemie 

Jahrcsbericht uber dcr Fortschritte der Tier-Chemie " 

Jahrbucher fur wissenschaftliche Botanik • 

Journal of the Institute of Jamaica 
Jamaica Patent 

Transactions of the Jamaica vSociety of Arts 
Archives d’Ophtlialmolgie 

Japanese Patent * 

The Magazine of Zoology and Botany 
Annalcs Academiae jenensis 

Die V^naischen Annalen fur Physio^gie und Medicin 
Annalcn der Societat fur die gesammte Mineralogie zu 
Jena * 

Denkschriften dcr Mediciniseh-Naturwissenschaft* 
lichen Gesellschaft zu Jena 
Mittlteilungcn der geographischen Gesellschaft (fur 
Thuringen) zu Jena 

Sitzungsbcrichte der Jenaischen. Gesellschaft fiir 
Medicin und Naturwisscnschaft 
Jenaische Zeitschrift fur Naturwisscnschaft herausge- 
geben von dcr Medicinisch-naturwissenschaft- 
lichcn Gesellschaft zu Jena , 

Jern-Kontoret’s Annaler 

Memoirs from the biological laboratory of the Johns 
Hopkins University 

Johns Hopkins University. Studies from the Bio¬ 
logical Laboratory 

The Johns Hopkins University Circulars 
Travaux de la Socv^t6 d’Emulation du Department du 
Jura 

See Dorpat 

Just’s botanischer Jahresbcricht, Leipzig and Berlin 
Kali . t 
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list oi*;' abbreviations' to literature 


Kampcn, Mag., 

Kan. Acad. Sci. Trans. 

Kan. Univ. Qu5rt* 
Karlsruhe Bact. Inst. Arb. 

Karlsctihc Naturwiss. Vcr. 
Verb. 

Kamten, Berg-Verein, Zt.s. 
Kamten Ivandesmiis. Jahr. 
Kamten, Zts. 

Karsten 

Karsten, Arclnv, 

• • 

Kassel Ver. Natiirk. Ber. 
Kassel Ver. Naturk. Test- 
schr. 

Kastner, Archiv. Chem. 
Kastner, Archiv. Natur- 
lehrc 

Ka/.an Soc. Phys.-Math. 
Bull. 

Kazan Soc. Xatiir Proc. 


Kazan Soc. Natur. Trans. 

Kazan I'inv. Bull. 

Kazan Univ. Mem. 

K^kulc, Krit Zts Chcin. 

Keram. Rundschau 
Kew Bull. • 

Kharkov. Math. Soc, Com- 
mun. 

Kiel Mitth. Vcr. Elbe. 


Kiel, Physiol. Inst. Arb. 
Kiel, Schr. 

Kiel Univ. Mineral. Inst. 
Mitth. 

Kiev Soc. Natur. Mem. 
Kiobenh. Bot. Por. 
Kidbenh. Bot. For. Fest- 
skr. 

Kiobenh. Bot. For. Medd. 
Kidbenb. Carlsb. Lab. 
Medd. 

Kiobenh. Dansk. Vid. 
Selsk. ACh. 


Magazin voor Wetenscliappen, Kunsten, 5fC. 
Transactions of the... .annual meeting of tlie Kansas 
Academy of lienee 
The Kansas University Quarterly 
Arbeiten aus^lem bacteriologischen Institut der tech* 
nischen Hochschule zn Karlsrulie 
Verhandlungcn dcs Naturwissenschaftlischen Vereins 
in Karlsruhe 

Zeitschrift dcs Berg- u. Huttcnraannisclien Vereins 
fur Kamten 

Jahrbuch dcs naturhistorischen Landes-Muscunis von 
Kamten 

Zeitsciuift des,berg- und huttcnniannischen Vereines 
fur Kamten 
Sec Botan. Untcrsuch. 

Archiv fur Mineralogie, Geognosie, Bergbau, und 
Huttenkunde 

Bcricht dcs Vereins fur Naturkundc zu Cassel 
Festschrift dcs Vereins fur Naturkundc zu Cas.sel zur 
Feicr seines Fimfzigjahrigcn Bcstchens 
Archiv. fur Cheniic und Mctcorologie 
Archiv. fur die gesammte Natuilehre 

Bulletin dc la Soci6tc Pliysico-Mathematique dc 
Kazan 

Proceedings of the Physico-Mathcmatical Section of 
the Society of Naturalists of the Imperial Univer¬ 
sity of Kazan 

Transactions of tlie Society of Naturalists of the Iin- 
penal University of Kazan 
Bulletin of the Imix'rial University of Kazan 
Scientific Memoirs of the Iiniierial University of 
Kazan 

Krilische Zcitscdirift fur Chemie, Physik, und Matlie- 
matik; sec also Zts. Chem. 

Kcramische Rund^hau 

Royal (Botanic) Gardens, Kew. Bulletin of Mis¬ 
cellaneous Information 

Communications dc la Socitite Mathematique dc 
Kharkov 

Mitthcilungcn des Vereins nordlich der Kibe zur 
Verbreitung naturwisscaschaftlichci Kenntnisse in 
Kiel • 

Arbeiten aus dem Kielcr' physiologischen Institut 
Schnften der Universitat zu Kiel 
Mitthcilungen aus dem Mincralogischen Institut der 
Universitat Kiel • 

Memoircs de la Societe des Naturalises de Kiev 
See Bot. Tidsskr. ^ ^ • 

Fest'skrift, udgivet af den Botanbke* Forening i 
Kiobenhavn i Anlcdning af deqs Halvhundredaars 
fest, den 12 April, 1890 

Meddelciser fra den Botaniske Forening i Kjobenhavn 
Meddelelser fra Carlsbcrg Laboratoriet 

• 

Det Kongelige Danskc, Videnskabemes Selskabs 
naturvidenskabelige og mathematiske Afband- 
linger 
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I,1ST or MiUREVIATIONS TO LITP^ATURE 


Kiobcnh., Dansk. Vid 
Selsk. Skrift. 

Kidbcnh! Ii)nt. Tor. 
Kidbcnh., Oversigt 


Kiobenh., Reg. *Sf)c. Med 
Acta. 

Kiobenh., Vidensk. I'orh. 

Kiobenh, Vidensk. Me<l(li'l 

K. K. Ges. Aer/,te 

Klauscnbnrg 

Kliniek 

King, Jahr. Insect. 

Koli Chcni. Heiheftc 
Kolloid-Zts. 

Kolozsvar Orvos-Tcrniosz 
Tars ICrtes 


K Svenska Vet-Aka<U 
Konigsb. Arcliiv. 

Konigsb Med Jahr. 

Konigsb vSehr. 
Kosnios (Iavow) 


Krain Mus-Ver Mitth 
Krakow Akad. (Mat Vi/y- 
rod) Pani. 


Krakow Akad (Mat-Pr/y 
rod) Hozpr 


Krakow, Akad. (Mat - 
ITJlyrod^ Uozpr. & 
vSpraw. • 


Krakow Koin. Rizyogr. 
Spraw. 


Krakow, Roezn. Tow* 
Nauk. 

Krakau. Untcrsuch Path. 


Det Kongelige Danske Videnskat^pm* Selskabs 
vSkrif^er. Naturvidenskabelig og Mathematisk 
Afdcling 

v^ce h'nt. Medd. (Kiobenh.) * 

Oversigt c^'cr det Kongelige Danske Videnskabemes 
vSciskal)s I'orhandlinger og dels Medlemmers 
Arbejder i Aarct ]8^(-83).. .samt. med en Resume 
du Bulhiin de I'Academie Hoynle Danoise des Sciences 
et des f.etlres pout I'annce 1874(-83} 

Al ta Regiac .Socictatis Medicae Havniensis 

Videiiskabclige Forhandlinger ved vSioelland Stifts 
Landcinde 

Videiiskabclige Mcddelelser fra den Naturhistoriske 
Porenmg i Kjolxinhavn 
See Med Jahr 
Sec Kolo/svar 
Kliniek 

J.ihrlnichcr der Inscctcnkunde, etc 
Kolloidi hciiiische Ikihcfte 
Kolloul-Zeitschrift 

Rrtosito a “Kolozsvari Orvos-Tcrmeszcttudomanvi 
Tursulat” -nak az . . orvosi, termeszettudoraanyi 
s/.akuleseirol Proceedings of the Medical pd 

natural history sections of the Klausenburg Medical 
and Natural History vSociety 
Kongl Svenska Vetenskaps Akademiens Ilanalingar 
Koiugsherger Archiv fur Naturwisscnschaflten und 
Mathematik 

Konigsberger inedicinischc Jahrbucher; herausgegeben 
von dem Vi-rein fiir wissenschaftHche Heilkunde zu 
Konigsberg 

Schnften der physikalisch-okonomischen Gesellsctjpft 
zu Konigsberg in Preussen 

K o s m o s , C/asopismo* polskicgo Towarzystwa 
pr^rodiiikow iinienia Kopemika. (Cosmos. The 
Journal of the Polish Society N*turali.sts founded 
in honor q/ Copernicus) 
sSee Ivaibach. Mus.-Ver. Krain Mitth. 

Paimetnik Akudeinii Cmiejetnosci w Krakowie. Wyd- 
zuil ' MatematycznO'Przyrodniczy. (Meraoires of 
the Aeailcmy of Science in Cracow. Section of 
Mathematics and Natural Science) 

Uozprawy i Spawozdania z Posiedzeii Wydzialu 
Matematyczno-PrzyrodnjczLgo Akadcmii Umiejet- 
nosci (Proceedings of the Section of Mathematics 
and Natural vScience of the Academy of Science) 
Rozprawy i Sprawozdania z Posiedzen Wydzwlu 
Matematyezno-Przyrodniczego Akademii Umiejet* 
nosci (Proceedings of the Section of Mathematics 
and Natural Science of the Academy of Science) 
Akademija Uiniejetnosci w Krakowie. Sprawozdauie 
Komisyi Kizyograficznej .... (Academy of Science 
in Cracow. Report of the Physiographical Com¬ 
mission) '* 

Rocziiik Towarzystwa Naukowego z Umwersytetem 
Jagicllonskim Zlaczonego 

Untersuchungen aus dera Pathojogisch-Anatomischen 
Institute in Krakau • • 



LIST OF 


Kreutzer's Jahr. Phot. 
Kristiania, Geogr.. Selsk. 

Arb. • 

Kristiania, Norw. Mar. 

Investig. Rep. 

Kroyeif Naturhist. Tidssk. 
KQhn-Archiv. 


Kult. Ing 
Kiinst. 

Lab. Club. Trans 
Lal)orator>' 

Laibach, Jahr. Gymnas. 
Laibach, Jalir. Rcalschulc 

• • 

Laibach, Jahresh. 

Laibach, Mus.-Ver. Krain 
Mitth. 

Lancet 
Landb. Cour 
Landshut Hot. Vcr. Her. 
Landw. Centr. 

Landw J^ihr. 


Landw Jahr. Schweiz 
Landw. Pressc 
Landw. Versuchs-Stat. 
Largiw Ztg. 

Laon, Soc Acad. Bull. 
Laurent Ann. Anat. 


Laurent Gerhardt, Conipt. 
rend. 

Lausanne, Bull Soc Med. 
Lausanne, Bull. Soc Vaud. 

Lausitz. Monatschr. 


Ivcather 
Leather Mfr 
I.^ther Tr. Rev. 

Leather World 
I^ederind. 

Lcderraarkt 
Leeds, Trans. Phil. Soc 

I.^icester, Lit. Phil Soc. 
Selection 

Leicester ^ Rep. 
I.,eicester Soc. Trans. 


AI^RFATATIONS TO LITLR.ATURE • IXIX 


Kreutzer’s Jahre^fbericlit der T’hotogiaphie 
Det Norske Gcografiske Schkabs Arbog 

Report on Koimeginii Fishery and Murine Investiga¬ 
tions 

Kalurhistorisk Tidsskrift 

Knhn Archiv (formeilv Beiichte aus dem jtliyslo- 
logi'iclien I.aboratoniini und <lcr Versuchsanstalt <1ps 
Landwjrtschnftlicheii Instituts der I'nivcrsit.it Halle 
Der Kultur-Ingenieiir (F. Ihmkelherg) 

KunstolTe 

Transactions of the I.alKir.doiy Club 
The Laboratory 

Jahresbencht des k. k. Ober-Gymna.simns in I.aibacb 
Jahresbcricht der k. k selb^landigeii I’nter-Kealst'hulc 
7U l.ailiach 

jahresheft des Vereins des Kr.iinischcn Landes Mus¬ 
eums in Laibach 

Mitlheilungen dcs Museal-Vereins fur Krain 

The Lancet, T oiulon 
Landhouw-Conrant 

Bericht dcs Botanisehcn \'ereim‘s in l.an(Khiit 
Landwirthschaftlirhes Ccntralblalt f»ur Deutschland 
Landwirthscbaftliche Jalirbuchcr Ze tsehnfl fur wis- 
scnschaftlichc l.aiidwji llischaft und Archiv des 
Koniglich Prcussisclien I.ainles-Gekonoinie Koileg- 
iunis 

LandwirtschaftHchcs Jahrbuch d< r Schweiz 
Landwirtsi-haftliche Presse 
Die landwirthsehaflUchen Versnchs-Stalionen 
Landwirtschafliiche Zeitnng 
Bulletin de la SocKdc Acadcniique de Laon 
•Annalcs Francaises ct hitrangeres d'Anatumie et de 
Physiologic, npplkj«ccs a la Mcdecinc ct a THisloire 
Natiirelle 

Comptes rendus Mensucls des Tiavanx Cheiniques 

Bulletin dc la SociM6 Medicale de la Snissc Roinande 
Bulletin dcs Scanccs de I.a vSoci^t^ Vaudoisc dcs Sciences 
Naturellcs 

Lausitzischc (und neiic Lausitzische) Monatsehrift 
Organ der Obcrlausit zisclien ('.cselhehaft der Wissen. 
schaften 
TvCather 

Leather Mamifacluier 
leather Trades Review 
Leather World, The • 

Lederinclustr'c (Deutsche Gerlier-Zeitung) 

Ledermarkt, Der. (Sec also ('ollcgium) 

Transactions of the Philosophical and laterary So¬ 
ciety of Leeds 

Selection of Papers, of the Literary and Philo* 
sopmcal Society of Leicester 
Leicester Literary and Philosophical Society . Re 
port of the Council 

Transactions of the I.eicester l.iterary and Philo¬ 
sophical Society ^ 



Ixx iLlST OP ABBREVIATIONS TO ' ITERATUKB 

( 

Wde See I^y^en 

Eciiden, Ann. Acad. Annales Academiae Lugduno-Batavae 

Ix^iden,* Tijdschr. Entom. Tijdschrift voor Entomologie • * 

Uipzig, Abh. Jablon. Ges. Abhandlujigcn bei Begrundung der k. Sachsi.schen 
Gcsollschaft der Wisscnschaftcn am Tage der 
zwcihnndertjahrigiai Geburtsfeier Leibnizen* 
Leipzig, AWi. Math. Phys. Abhandlungcn der Mathcniatisch-I’hysischen Classe 
der Kdniglich Sachsischen GeseJIschaft der Wissen- 
schaften 

Leipzig, Arbeit. Physiol. Arbeitcn aus der physiologischcn Anstalt zu Leipzig 
Anst. 

I.a’ipzig, Astron. Ges. Vicr- Vierteljahrsschrift der Astronomischen Gcsellschafl 
telj. 

Uipzig, Ber. Math. Phys. Berichtc liter die Verhandinngen (Math. Phys. 

Classe) der Kdniglich Sachsischen Gcsellschaft der 
Wissenschaften zu T,eipzig « , 

Leipz. Farb. Ztg. Lciiizigcr Earlier- imd Zcugdmckcr-Zeitnng 

Leipzig Jablon. Preissclir. Preisschriflen gekront nnd herausgegeben von der 
fnrstbeh Jablonowski’ schen Gescllschait zu Leipzig 
teipzig, Monatschr. Test. I.eipziger Monatsschrift fur Textil Industrie 
Ind. 

Leipzig, Naturf. Ges. Sitz- Sitzungslicrichte der Naturforschenden Gcsellschaft 
ber. zu Leipzig 

Leipzig, Physiol. Anst. Arbeitcn aus der I’liysiologisclicn Anstalt zu I,cipzig 
Arb. 

teipzig, Schr. Naturf. Ges. Schriften dcr Naturforschenden Gcsellschaft ju I,cipz.ig 
Leipzig, Verb Med. Ges. Vcrhandlungcn dcr Medicinischen Gcsellschaft 
Leyden Mus. Notes Notes from the Leyden Museum 

teo, Mag. Magazin fur Heilkunde und Naturwisscnschaft in 

' Pohicn 

Lcoben, Berg. u. Iliitt. Berg- und Huttenmannisclics Jahrbuch der k. k, 
Jahr. Monfan. Lehranstalten zu Lcoben und Pribram 

Leonhard Bronn See Neues Jahr. Mineral 

teonhard Bronn, Jahr. Jahrbuch fur Mineralogle, Gcognosie, Geologic, und 
IJctrcfaktcnkunde 

Leonhard Bronn, Ncu. Neues Jahrbuch fur Mineralogle, flcognosic. Geologic 
Jahr. und Petrffaktenkunde 

Leonhard, Taschenbuch Taschenbuch fiir die gesammte Mineralogle 
teonhard, Zts. Zeitschrift fur Mineralogle 

Lcopold.-Carol. Ueutsch. See Aci Nat. Curios. Nova Acta. Leopoldina 
Akad. Naturf. 

Leopoldina i Leopoldina. Amtliches Organ dcr Kaiserlichen Lco- 

poldino-Carolinischen Deutschen Akadcmie der 
Naturforscher 

Letters on Brewing Letters on Brewing 

Les Mondls Revue hebdomadaire des Sciences et de leurs application 

Licht. ‘ Licht: Zeitschrift fur Photographic: herausgegeben 

“ « ,vom Photographischen Verein. zur Berlin 

Liege, Anif. Agad. Annales Academiae Leodiensis 

Liege Assoc. Ingen. Annu. See Rev. Univ. Mines 

Liege, Mem. Soc. Eraul. Memoires de la Sociit^ Libre d'^mulation de Leiege 

Liege, Mem. Soc. Sci. Memoires de la Soci^t^ (Royale) des Sciences de 1’Agri¬ 

culture. et des Arts a Liege 

Leige Lab. Fredericq Trav. Universite de Li»ge. Institut de Physiologie. Tra- 
, vaux du Laboratoire de Leon Fredericq 
Lille Inst. Zool. Trav. Travaux de ITnstitut Zoologique de Lille et du Labora¬ 
toire de Zoologic Maritime de Wimereux (Pas-de- 
Calais). Travaux de la 'Station Zoolopque de 
Wimereu^ • 



Ixxi 


. LIST OP ^BREVIATIONS TO LITKRATtlRR 


tille Mem. Soc. , 

Lille, Mem. Soc. Sci. 

• • 

Lille, Seances PubI, 
Lille, Trav. 

Trav. Mem. 
ieiraa, Mem. Cien. Nat. 

Limbourg, Soc Sci. Bull 

Limoges, Assises 

Lindblom, Bot Noilscr 
Linn 

LinijKntofi. 

Linn. Soc, J. * 

Linn. Soc. Trans. 

Linn. Soc Proc 
Linneska Samf. Han<ll. 
Linz, Ber. 

Lisboa, Acad, Sci. Mem 

Lisboa, At'tas 

Lisboa, Ann. 

Lisboa, J Math Sci 


Liltcrar. Anna!. 

Liverpool Biol. Soc. Proc 

Liverpool, Lit. Phil Soc. 

Proc. • 

Liverpool Mar. Biol. 
Comm. 

Idverpool Med. Chir. J. 
Liverpool School Trop. 
Med. Mem. 

Liverpool. Thompson 
Yates Lab. Kep. 

Loc. Gov. Bd. Rep. (Med. 
Off.) 

Ivondon 

London, Ann. Med. Surg. 

London, Cryst. Soc. Proc 
Loudon Elec Soc. Proc. 
London, Fed. Inst. Brew¬ 
ing J- 

London J. Med. 

London, Med. Phys. J. 
London, Med. Soc. Trans. 


Memoires dc la Soci^t4 (Imperiale) dcs Sciences, dc 
PAgriculture et dcs Arts de Lille 
Memoires dc la v%ci6t6 (Royalc) dcs Sciences, etc. a 
Lille 

Seances Puliliques de la Soci^t6 dcs Amateurs 
Recuci! des Tnfvaiix dc la Soci6l6 d’Anialems des 
Sciences, dc rAgricnltnrc, ct dcs Arts a T.ille 
Travaux ct Memoires dc IT'nivcrsite dc Lille 
Memorias de Cicncins Naturales y de Industrial 
(Lima) 

Bulletin dc la Societd Scientifi(jue et Littcraire dn 
Limbourg 

ASvSises scientifiqncs de Limoges (Institut dcs Provices 
dc France) 

Botaniska Notiscr 

Linnaca' cin Joiiriml fur die Botanik 
Linnaea ICntoinologica 

The Jonnial of llie Linnoan Society. Botany nnd 
7 oology 

The Transactions of the Linncan Society of London 
Proceedings of the I.intu'an v^^ociety of London 
Linneska Saiiifimdets Handlmgar for ar 1.HI12 
licrieht liber tlas Museum Francisco-Carolimim in 
Linz 

Historia e Mernoiias da Academia Real das vScicncias 
dc Lisboa 

Actas das Scssoes da Academia Real das Scioncias de 
Lisboa 

Anntus das Soicncias o Lettras 

Jornal de Soicncias Matlieniaticas, Phvsicas e Natnraes 
l>ubheado sob os Auspicios da Academia Real das 
Soicncias dc Lisboa 

Littorarischc Annalcn dcr gesammten lleilkundr 
I’rocecdings and 'rraiisactions of the I.ivcipool Bio- 
, logical Society 

Proceetlings of the T.iterar>’ and Philnso))hic:jl Society 
of Liverpool • 

See Liverpool Biol Soc. Proc ; Liverpool Biol. Soc 
Proc. & Tr.iiis ; Liverpool Lit. Phil. S(x\ Prw 
Liverpool Medico-Clnnirgical Journal 
Liverpool Sc'hool of 1‘ropieal Medicine Memoirs 

The Thompson Yates Lfiboratoiies Report 

.. Annual Report of the T.ocal Government Board. 
Supplement containing the Rciiorts of the Medical 
Officer . 

See Int. Congr. Ilyg Trans, 1.S91; In^ Congr 7ool 
Proc. 1K08 

Annals of Medicine artd Surgery, Rccoid^jf Ih^ oe 
curring Improvements, A-c • 

Proceedings of the Crystallological Society 
Proceedings of the London liicctrical Society 
Journal of the Federated Institutes of Brewing con 
taining the Transactions of the various Institutes 
London Journal of Medicine 
The Medical and Physical Journal 
Transactions of the Medical Society of London 
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London, Obstct. Soc. 
Trans. 

London, Odont. Soc Trans. 
T,ondon l‘atli Soc Tians. 
Lond.’l’liot. Soc. 

London I'hys. Soc I'ror. 
London l*h>siol. J. 

I.ondon I’oiy. Kcv. 

I.ondon, Poly. Ma^ 

London, Scl Sck* I’loc. 
London. Soc. Imp. Med 
1'rans. 

Lotos 

Lousiana Planter 
Lotjvaine, Ann. Aca<l 
I,o\vtdl <)l)s Ann 
Lncca, Atti Accad 

Lnmicre 
Lnini^rc dee 
Lnnd, Acta Lmv 


Litnd Pot. I‘'or. 

Lnnd. Plus. Sallsk 'I'idskr 
Lund), Denksehr 

Lund), Jahr. Naluiwi.ss 
Vcr. 

Lunch Jhdt Nalurwiss 
Vcr. 

Lnxend), Tnsl Uoy Puhl. 
Ln.xcuil) P. 

Luxemh Soc Pot. Uce 
Mem 'IVav 

Luxcnil) Soc. Sei Nahir. 
I.yon 

Lyon, Acad Sei. Mem. 

Lyon Mus. IPsi Natur. 
Arcliiv. 

Lyon Soc Agile Ann. 


I.yon Soc. Pot. Ann 
Lyon, SocuJ.inn Ann. 
Lyon. Soc. Linn. Coinpt 
rend 

I.yon, vSoc .Sei Med Mem 

Lyon Thiiv. Ann. 

Manndhl. Naluuiweten. 


ADBRLVIATIONS TO lVBRATURE 

Transactions of the ofstetricat Society of J^onaon 

Transaetions of the Odontological Society of London 
'rransactions of the PathologicaliSoticty of I.ondon 
London Photographic Society 
Piocceditigs of the Physical Society of London 
I.oiulmi Physiological Journal , 

The London Polytechnic Review and Magazine 
Polytechnic Magazine and Journal of Science, Letters, 
and Fine Arts 

Proceedings of the Scientinc Society of London 
Transactions of the Society for the Improvement of 
Medical and Clnrugical Knowledge 
l.otus, Jalirbuch fur Natunvissenschaft im Anftrage 
der Verdnes "Lotos” 

Louisiana Planter and Sugar Manfactnrer, The 
Annides Academiao J.ovaniensis , 

Annals of the Lowell Observatory ^ 

Atti della K. Accademia Lncchese di Scien/e, Lettcre, 
ct Ajli 

La I.nmiiVc; Revue de la Photogiaphie 
f.mnierc declriqne, La 

Acta Umversitatis J.nndcnsis Lunds Iniversitets 
Ars skrift. Afdelningen fur Matliematik och N.atur- 
veteubkap 

Sec Pot Centrbl ; Pot Kotiser 
Plivsiografiska Sallskapots Tulskiift 
l)(nkschriften des natnnvissenschaftlichen Vereins 
fur das i'usrlenllmm Lunebiirg 
Jaluesberuht ul)er die Th.itigkdt des naturwissen- 
schafllichen Veieins in Luneburg 
Jahreshdlc des Katnrwissenschaftbelun Vereins fur 
das Furslentum I.unebnrg 

Publications de I’lnstitnt Royal (irand-Ducal de 
Luxembourg Section des Sciences Natiirdles 
I.uxetnbourg Patent 

Rei’Mcd des Memoires ct des Tra^aux publics par la 
Soeiete Polaiiifiue du (trant-Dnche de Luxembourg 
Soeietc des‘ Sciences N.Uurdlcs du Orand-Diidie de 
Luxembourg 

Lypn scientilMiue ct industrid 

Meinoiies de rAeademie des Sciences, BeUes-Lcttrcs, 
ct Arts de I.yon 

Arcliivcs du Nlnscum d’Histoiro natuidle de Lyon 

Annales de la Soei6te d’Agricultnre, Histoire naturelle 
et Arts utiles de Lyon. Annales dc la Soeiete 
d’AgricuUure, Sciences et Industrie de Lyon 
Annales de la SocicU* r>otaniquc dc Ivyon 
Aiinalcs dc Socetie Linneenne dc la Lyon 
Coinptcs Rendus des 'rravaux dc la Socide de Medecine 

Memoires et Coinptes-Rendus de la Societ6 des 
S«.iences Medicates de Lyon 
Annales dc rUniv^rsite dc Lyon 
Maandblad voor Natnurwetenschappeii, uitgegeven 
door de Scctie voor Natuunvetenschappen van het 
Ciennotscliap ter Revordering van Natmir-. Genees- 
en Ileelkunde te Amsterdaiji 



UST OF /bBRFVIATIOXS I'O IJTKKATURi; 
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Macluium I.5'cci^, Con* 
tnb 

Macon Acad An^. 


Macon. Sor A^;nc Corni't 
rend • 

Macon Soc Conii>t rend 


Madras J 
Madras Oiiart J 
Madrid 

Madral Acad Cicn Ntem. 

Madrid, Analcs Ilisl 
N^tnr • 

MadrnI, Analcs Min.is 
Madrid, Aiinar 
Mailrtd, Hr>l 

NIadrui, Ini;! n ln(5 Analcs 
Mailrid. Mc.ii 
Mailrid. Kevista 

Madrid, Soc Hist Natnr 
Analcs 

Max ’rincrlicilk 

Mag Natur Hisl 


Mag. XaUu Plid 
Mag Xalurvid 
Ma;T ^'ool 

Magdeb V. Ver Abb. 
XatnivMss 

Magdeb V \'cr. I’cstsclir 
Naturwiss • 

Magdeb V'. Ver Jahi Aldi 
Natnrwiss. 

Magendic, J. I’liysiol 
Magyar Akad Krtes. 

(NIath Termes/) 


Magyar Boripar 
Magyar Ncmzclt Muzenm 
Magyar Tennt. Tars 
Magyar Tud Akad. Urtes. 


Magyar Tud. Akad. Krtek. 
(Math.) 


Contributions of the Maclurian Lyceum to the Ail.s 
and vScicnccs 

Armales dc rAcaTlcime <lc Macon Soci6t{‘ dcs Arts, 
Sciences. Belles I.cttics ct id lAgncultute fdc 
vSaonc ct l.ou^) 

Coniptcs Hcinlu.s dcs Travau\ dc la Soci^-l6 dWgri- 
cuUurc, Scicncis, ct Belles-J.ctlrcs 
Comptc Rendu dcs TiavaiK dc la Society (d’.\gn- 
cuUuie), dcs Sciences, Aits <‘t Belles letlics. tie 
M.icon 

The Mailras Journal of Litciatuic and Science 
Madras Quarterly Journal of Medical Science 
See Congr. lilt Hig. Act 1S‘<S 

Mcinoiics de la Real AcaiUinla dc Cieiicias I{xaotas, 
I'lsicas V Xatui.des de .Mailrul 
Analcs de llislona Natural 

\nales de M mas 

Auuano ilel Rud OlisiTvalotlo de Madiid 
Ibiletm Ofieial del Mmisteno de Comeuio 
Analcs de la Asmiaeioti de Ingetiuios ludiistriales 
Menion.is dc- l.i Real Acadt'ima <le Cieticias 
RcMsta de los Brogresos de las Cieiuias (Xftctas, 
lisitas, V uatin.iles 

Aiuilis de l.i Socudad l^sp.mola <U- Historia Natural 

Mnga/in fur <lie gesaminte 'riiieiliulkmule 
'file Magazine ol NaUiial Historv, aii<l Journal of 
Zoology. Itotauy, Mmcialogy, (‘.eology, and 
Meteorology 

'I be Magazine of Natiiial I'bilosopby 
Maga/in for N.itii! vidinskabeine 
Magasin de Zool-igie 

Abhandlungeii dcs NalunvissenscbaftlKbiu Vtreins 
• /u Magvieljiiig 

Fes^^cbrlft zin I'ciej des 2r> jabiigen Stiftuugsfages 
(les NaluivviS'M.iist.liaftliclun Vereins /u Magde- 
bnrg 

JabrtslHiii bv imd Abbaiidlungen des naturwissen- 
sbaftlahcn V(reins in Magdeburg. 

Journal de I’liysiologie, experimeiitalc ct palbologiftue 
Magyar Akadiiniai Ivrtcsilo A matbeniatikat, es 
Ternies/A itiidomanx i osztalyok^ ko/.lonye (Re- 
poit of llic Hungarian .\cadetny. Conuniinicalioiis 
of the Mathematical and Natural Science 
Sections) 

Magyar lioiipar 
See Termr. I'liz, 

See Termt Kozloii. 

A Magyar Tudomunyos z\kadenna KrU»rtoje. (,K^' 
port of the Hungarian Academy of*ScK!nce) 
Akademiai lirtesito a Magyar Tud. Akademia 
Mcgbizusabol. (Repoit by the Committee of the 
Hungarian Academy of Science) 

KrteHt/esek a Matheinatikai Tudomanyok kOrebol. 
Kiadja a Magyar Tudomanyos Akademia. 
(Memoirs in the Matncmatical Science*. Pub¬ 
lished by the Hungarian Academy of Soiemce) 
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IJST OP ABBREVIATIONS TO ti^ERATURB 


Magyar Tiid. Akad. Hrtek. 
(Tcrnit.) 


Magyar Tud Akad. Ivvk. 

Maine Loire Soc. Mem. 
Acad. 

Majoctthi, Ann I'is. Chim. 

Malpigliia 

Malta P. 

Malvern Field Clnl) Trans. 
Manufact. and Build. 
Manclicster, Kngin. Proc. 

Mancliester, Lit. Phil. Soc 
Mem. 

Manchester, Lit. Phil Soc. 
Proc. 

Manchester NTicro. Soc. 
Trans. 

Manclicster, Owens Coll. 

Biol. l.ab. vStud. 
Manchester, Owens Coll. 

Stud. Biol. 
l\Iannhcim, Jahr. 

Mans, Soc. Agric. Bull. 
Mans, Soc. Bull. 

Mans, Soc. Roy. Trav. 

Marburg, Gcs. Natiirwiss. 

vSehr. 

Marianini 

Manic, Soc. Agric. Coinpte 
Annuel 

Marne, Soc. Agric. Seance 

Marseille, Ann. vSei. 

Marseille Fac. vSei. Ann. 
Marseille Lab. 7,po\. Mar. 
Trav. 

Marseille, Mem. Acad. 
Marseille, Mem. Soc. limul. 
Marseille Mus. Ann. 
Maschin.-Com Ir. 
Mas^'Iiinenb. 

Mass. Bd.Slealth Report 


Mass. Insects Report 

Mass. Med. Soc. Comniun. 
Mat. grasses 

Maurice, Soc. Hist. Natur. 
Rapp. 


Krtekezesek a Tenneszcttudoipanyt)k kdrebol." 
Kiadja a Magyar Tudomanyos Akademia. 
(Meifioirs iu the Natural vSeiences. Published by 
the Hungarian Academy of vScitnd6) 

A Magyar Tudomanyos Akademia Kvkonyvei. 

(Annais of the Hungarian Academy of Science) 
Memoires dc la ^Jioci^te Academiqne dc Maine et 
Loire 

Annali di Fisica, Chimica, etc. 

Malpighia. Rassegna mensuale di Botanica 
Malta Patent 

The Transactions of the Malvern Naturali.sls’ Club 
The Manufacturer and Builder 
Proceedings of the Manchester Institution of Kiigi- 
neers 

Memoirs of the Literary and Philosophical Society of 
Manchester c , 

Proceedings of tlie Literary and Philosophical Society 
of Manchester 

Manchester Microscopical Society. Transactions and 
Annual Report 

Studies from the Biological Taiboratories of the Owens 
College 

Studies in Biology from the Biological Department of 
the Owens College 

Jahrcsbcncht des Mannheimcr Vereins fur Natiir- 
kimde \ 

Bulletin dc la Soci6t^ d’Agriculture, etc , cle la Sarthe 
Bulletin dc la Soci6te (Royale) d’Agriculture, Sciences 
et Arts du Mans 

Analyse des Travaux de la Socicte (Royale) dcs Arts 
du Mans 

Schnftcn der Gcscllschaft zur Beforderung ^ der 
gesammten Natiirwissciischaftcn zu Marburg 
See Mem. Fis. Spcriui. • 

Compte annuel et Somimiirc des 'J'ravaux de la 
Soci6t6 Agricolc, etc., du departement de la Marne 
Seance pubhqiie dc la Societ6 d’Agricidture, etc., du 
departement dc la Marne 

Annalcs de Sciences et de ITndiistrie du midi de la 
Ih’aiice 

Annalcs de l.a Facuite des vSciences de Marseille 
See Marseille Mus. Ann. 

Memoires publics par TAcademic de Marseille 
Memoires dc la vSoci^te d'Emulation de la Provence 
Annalcs du Muscc d'Histoific naturelle de Marseille 
Der praktische Maschinen-Construkteur (W. Uhland) 
Der Maschinenbauer 

AAuual Report of the State Board of Health, Lunacy 
and Charity of Massachusetts. Annual Report of 
the State Board of Health of Massachusetts 
.. .Annual Report on the Injurious and Beneficial In¬ 
sects of Massachusetts 

Massachusetts Meilical Society's Communications 
Le Matieres grasses 

Septieme Rapport Annuel sur les Travaux de la 
Soci4t^ d’Histoire Natwelle de I’Lie Maurice 
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Mauritius, Meteorol. Soc. 
Proc. 

Mauritius, Meteorol. vSoc. 

Trans. 

Mauritius P. 

Mauritius Roy. Soc. Tiuns. 

• 

Meaux, Riill. Soc. Archeol. 

Meehan Ivngin. In.st. Proc. 
Meckel, Archiv. 

Meckel, Dc-ut. Archiv. 

Med. Assoc. J. 

Med. Rot. Soc. Trans. 

^Med. Chein I'ntcis 

Mod. Chir Soc. Pioc. 

Med.-Chir. Trans. 

Med. Chir Ztg. 

Med Congr 


Med. Jahr. 

Mcd*Klinik. 

Med. naturwiss. Archiv. 
Med. Off. India Sci. Mem. 

Med. Phys J. 

Med. Rec. 

Med. 'I'imes 

Med. Trans. , 

Med. Wocheiischr. 

Med. Ztg Kui« 

Medd. Gronland 
Medd. K. Vetenskapsakad. 

Nolxd-inst. 

Meisner, Ann. 

Meisner, Anzeiger 


Melbourne 
Mem. accad. I.incci 

Mem. Accad. Sci. Torino 

Mem. Chem. Soc. 

Mem. Coll. Sci. Eng. Kyoto 

Mem. Fis. Sperim. 

Mem. Imp. Mineral. Soc. 
Petrograd 

Mem, Eepidopt., St. 
Pttersb. 


Proceedings, &c, of tlic Meteorologic.al Society of 
Mauritius 

Tcansactioiis'of the Meteorological vSocicty of Mau¬ 
ritius 

Mauritius Patent 

'rransactioiTs de la Sociele Royalc des Arts ct des 
Sciences de Maurice 

Rullctin de la d’Aicheologie, SL'iences, I.ettres 

et Arts <lu dept de Seine et Maine 
Institution of Nlccluiiiical Ivngineeis Proceedings 
Archiv fur Anatomic und Physiologic 
DeiitsL'hes .^ichiv. fur die Physiologic 
Journal edited for the Provincial alcdical and Surgical 
Association 

Tiansaclion.s of the Mcihco Botanical StH'iety of 
I.oiidtui 

Mcdicimsh chcimsche I'ntersuclmiigcn; aus dem 
Tahoratorium fur aiigcwandtc Chomie zu Tubingen 
PriKvcdmgs of the J^oyal Medical and Chirurgical 
Soeiely of l.ondoii 
M< difo Chii urgical liaiisactioiis 
Medicmisch-chirurgisi'lie Zeitung 
See Congr Int Med C K . Congi. Int Sci. Med. 
C. T, Congr. Med Int Atti, hit. Med. Congr. 
Ti.ms, Int Med Congr. Veih. 

Medi/imsche Juhrbucher, von der K. K. C>essellschaft 
in Wien 

Medizinische Khnik 

Medi/misch natunvissonschaflliclies Archiv. 
vScicntific Memoirs liy Medical Oflicers of the Army of 
India 

'I'lie Mcilical and Physical Journal 
The Medical Record, N. Y. 

The Medical Times, I.ondon 
Medical Transactions 
Medizinische Wotlienschrift 
Medicmische Zeiiung Russlands 
Meddelelser om Gronland 

Mcddelaftden fran K. Velenskapsakadcmiciis Nobel- 
institut 

Amiaien der allgcmcinen Schwci/erischen (k-sellschaft 
fur die ge.sammten Nalurwi.ssenschaft(:ii 
Nalurwissenschafthchcr Anzeiger der Allgcmeincn 
Schweizcrischen Gescllschaft fur die gesammten 
Nalurwisscnschalteu 
SceVictoiia 

Memone della r, accademia dei Tiiicei, Clusse di 
scieiize lisichc, raathematichc c maturali 
Memoric della Reak Accademia delk Siyenze di 
Torino * 

Memoirs and proceedings of the Chemical Society of 
London prior to 1848 

Memoirs of the College of Science and Engineering, 
Kyoto Imperial University 
Mkmoric di Fisica sperimental 
Memoirs of the Imperial Mineralogicai Society of 
Petrograd 

Memoires stir les Lepidopteres 
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I,rST <»K AHIJRI'VIATIONS TO MTRHiV^UKii 


j\ff’iti Afatid). Lit Vhil. 
Soo 

Mrni Afod. AJiIit. 

M(‘in jxind. saip 
Mem rev. soe cieii 
“Antonio Al/ale’’ 

Mem. Soc Ing. eiv 

Meni. Soc Kat. Kiev 
Mem VidduineM 
Meiide, Soc. Akiic Kiill 

Meiide, Soc Ai^'ric AF<‘in 


Merck's Ann Ivep 
Merck’s Arclnv 
Messeniier Math 
Met. 

Met. Cliein 
Met ital. 

Mot. Rev. 

Metal Jml 
Metal Tech 
Melall Jnd. Ztj.; 
Melallarl). 

Melallnrgie 

M<-ta\a, Ann Med, k'liir 
Met/. Ae'ad. .Mem 
Met/, Assises 

Metz, Seance ('.cn 

Met/. Soc. Hist Xatiir 
linll. 

Mcx. 

Mcx. P 

Mex. Mns .\nales 
Mex Re^istio Trim 


Mex Soc “Al.Mte’’ Nfem. 
Me\i(iue Arclnv. Comm. 
Sci. 

Meyer Pros Hii.iy 
Meyer J.dtr Clieni' 

, Mtciii^at, Insl^Comm Rc- 
poit * , 

Mioio J. 

Micro Soc. J. 

Micio Soc. Tran.s 
Midi. Drug 
Midi. Med. Snrg Rep 
Midi. Quart. J. Med Sei. 
Milano, Ann. Scion/. 


Afe/i/o/rs ant/ JVococding of Die Mancli^stei'Literary 
amJ Philosoi)iiicaI Society 

Rcciieil de A*Ictnoircs de Medcoine, de C^inirgie et de 
Piiannacie Militaircs • 

.Memorial de^poiitlrcs et salpetres 
Memonas y revista de la sociedad eientifica “Antonio 
Al/.ate” • 

Memoircs et Comjite-Rendn dcs travaux de lu Soci6t6 
ties Ingenieurs Civils, etc 
Meiiions of the Society Nat. Kiev. 

Memonc Valdarncsi 

Hnllctin dc la Societe d’Agiiculturc, Industrie, 
Sciences, et Arts de departement dc la Lozeie 
Memoircs et Analyses des Travanx dc la Soolt-te 
d’Agi icnlliire. Commerce, Sciences, et Arts de la 
ville de Mende, departement dc l;i T.ozere 
AKrek’s Annual Report 
Merck’s Aichives, New York 
The Messenger of Mathematics 
Melallurgical-Metallnruia 
Mctalluigical and Chemical Pngmeering 
Melallurgia ilahaiia, I.a 
The Metallurgical Review 
The Metal Industry 
Metal Tcchnik 

Ucutsche Metull-lndusliie Zeilung 

l>ei Mctallaiheiter 

Metalhirgie 

Anriah medico chirnrgu i. 

.Memoircs de r.\cadcmio (riiiijeiialc') de Aletz 
Assises .scicnlilitiues dc Met/ (Institul dcs Provinces 
tic I'Vance) 

Sociele dcs Lettixs, Sciences, .\rls, el Agricnllurc de 
Melz 

Pnlictm dc la Sociele d’llistoiic iiatiirelle tie Met? 

• 

Mexican, Mexico, Mc.xicaiie • 

Mexican Patent, 

An.iles del Mnseo N’acional dc Mexico 
Rcgislro Irimestre, o Colcccion dc Memonas de 
llistona, i.iterulura. Cieneias, etc, por una 
Sociedad ile Litcralos 

Meinorias de la Socieilud Cicntilica “Antonio Alzate” 
Archives de la Commission Scieiititiciue du Mexiqne, 
]>ubUees sous Ics ausiiiccs du Minislerc dc ITn- 
struction Publuiue 
Aleyer Brothers Druggist, vSt. L'uiis 
R. Meyer’s Jahrbuch dor Chemie 
Biennial Report of the State Board of h'lsh Com- 
inissioiiors. (Contains the Michigan Pish Comm. 
Bull) 

Quarterly Journal of Microscopical Science 
Journal of the Royal Microscojiical Society 
Transactions of the Microscopical Society of J.ondon 
Midland Druggist and Pharmaceutical Review 
Midland Medical and Surgical Reporter 
The Midland Quarterly Journal of Medical Sciences 
Annali di Scienze e Lettcre 
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!,lST/t)If ABURBVIATIONS lO I.lTHRATl'Ri; 


Milano, Atti^Ginnas 

Milano. Atti 1st I.omb 

• « 

Mjlaiio, AtlJ Soc. Ital 
Milano, Cagnola Atfi 

Milano, (bom Soc Iiicor 

Milano, ]^t. l.omb 
A(hiiian/A- 

Milano, 1st laiml) Ibip 
porli 

Milano, 1st l.omb Ibiu! 

Milano, Mi'iii 1st bomb 

Milano, Mmi Tst l.omb 
Vcnclo 
Milch Z<ntr 
Milch Zt;; 

Min l'!m; W’oiM 
Min. 1 
Mm kfv 
Min Set 
Mill Set l’i«.''S 
MiiJ Smell M.(^i 


Mil! Stic. 1 
Mtncral Ma^; 

Miner.it Mittli 
Mimr.il I’cti Mitth 

Mines .nnl Mim r.ils 
Minn \e,irl k^ct bull 

Mmn .\ea<i I’.ip 

Minn. Hot Stud 

Muiiiel, Hull 

Misc, I{nt 
Milan, IJiialcniliei 
Mitlli Artil Genicw 

Mitth. liuhmeu Anhil 
liiK Ver. 

Mitlh Ccntralst Wiss - 
tccli I’nlers. 

Mitth. Gewfcrbcvcr N.issaii 
Mitth Kais. (jcsnmlhts 

Mitth Konigl. Matcrial- 
prufiingsamt 

Mitth Hannov. C'.eweT- 
hever 


.\tti deir I R (nnnasio l.iceale Con\itto l.ongonc in 
Milano 

.\tti deir I i\ fslitiilo l.ombaido di .'^ami/e. J.ettcic, 
ed .\rti 

Atti dell i Societa It.ih.ina <b Sueii/e X.itmali 
Atti d(.-lla *l''onda/ion(' Seieiiti'iea Ca^nol.i dalLi ^na 
istitn/ione in poi 

(’.lornalc della Sot ii-ta d'lneoi i .ii'.ianieiilo di He St ieii/o, 
ete . sl.ibilita iii Milaiio 

SoUimi \diniaM/c di 1 U Ktiliito l.ombardo th ScieiiJC 
e I.elleie 

Rap()oiti sni Pi«iui'''''i diile Seiui/e del I' Islltiilo 
l.ombardo di Sen n/i 

Ueiidiionti di ir Ntiinto I.oiiib.iido di Seieii/e C 
l,etl( le —Cl.e.'^e <lt Seieii/e niateiiialtA lie e natinali 
Memone dul!' 1 R Istilnfo l.omliaido di Seien/c, 
rte 

Mtinone (KIT I R Klilnto <hl ie>;iii) l.ombardo' 
Wmelo 

•M ikluMitsi liafllu lu s nt i :d! «la11 
M ik li y.i ilimg 

Milling and l{iiv;inn tnii; Woild 
'I'lie Mnninr Jumna! 

Mmtnc Ri\U'W, a Montlih’ Ibnnd of 

M nimg Sc H nee 

Mining and Si a nl ilie I'levs 

'I'lie Mining and Siiulling Maga/,ine a monthly 
i<\K\\ of Riaslii.d Miimi--. <jiiaii\nig. uid Metal- 
Inruv 

'^ec- Min Mag 

The Miiu I alogie.d Maga/me and joniii d of the 
Mmei.dogu .il Soeiitv of (ireat Rnla'ii and lielaud 
\liiieialogiM lie .Mil llu ilnng< ii 

(’iTeheiinak'.s) Mnu lalogis* lie- iiml I'l liogiapliisclie 
Mitth' itniig' n 
Mines and Mum i.ds 

ihilUtins of iHe Minin.sola Ai.idinie i*l N.itiiral 
SCKIKCS 

'riie NAiincsola Academy of N'alni.il Sen nees at 
Minneaiiolis, .\lnm On.isional i’apejs 
<'.i"logual and Natural Histor\ v^lll\^y of Minnesota. 

Minnesota Itot.mnal Studies 
Hiillclm des SeAiiees I’lnsiian' N.itmclks cn 
NcerLiiiilc 

Mim cllaiiea IbilomologuM 
1 tie Qiiateniln r 

Mittlicilungdi nbii (agcnstaiide d^s Artilleiie imd 
(Hiiie-weseiis 

Mittheilungdi d«s An.lnti kten und Ingenn-^ir 'Vkaems 
im Koingrcicli^ Rohnnn .• 

Mitlbeiliingen aiis dir Cnitrtilstellc fur wissen- 
schaftlichtec'hnischc* rnt-asnehungen 
Mitlheihingen fm den Gewcrbcverin fm Nassau 
MiUhojlungcn aus dcni Kaiscrlichcn riesundheitsamlc, 
• Rcrlm 

MitUilungen aus dem Koniglichen Material prufinig* 
saint zu Gross bichtetb Idc West 
Mittheihmgon des ('.ewerbevereins fur llaiinover 
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Mitth. Lcbensm. Hyg. 


Mitth. Miilcrci 
Mitth. konig. Prufungsans 
WasserVersorgimg 

Mitth. Tech. Gew Mus. 
Mitth. 1'cchn. Vcrsuch- 
saintes 

Mitth. Zool. »Sta. Neapcl 
Mo Insects Report 


.Mod. Sugar Planter 
Modena, Accad. Sci. Mem. 

Modena, Anna. Soc Natur. 
Modena Atti Soc. Nalnr. 
Modena, Mem Soc. Ital 

Modena, Rela/ione 


Moigno. Annu. Cosmos 
Mois chim. electrochim. 
Mois min. met. 

Mois sci. ind. 
Molcscholt, Unters 

Moll, Ann 
Moll, Kfemeritlen 
Moll, Jahr. Berg. 

Moll, Neue Jahr. 

Mon. ceram verr. 

Mon. cord. 

Mon. fils. tiss. 

Mon Ind. 

Mon. Ind Beige 
Mon. Pap. 

Mon. vSei 
Mon. teint. 

Monats. 


ivionats bcnnft^ol. 
Monatsbl. Hannover Gewer- 
bever. 

Monatschr. Text.-Ind. 
Monatschr. Zahn. 
Montevideo Mns. Nac. 
Analcs 

Monthly Amer. J. Geol. 
Monthly Archiv. Med Sci. 


Mittcilungen aus dem Gebiete der I.ebensmittelunter- 
siichung und Hygiene veroffentlicht vom Schweizer 
Gesundheitsamt 

Technische Mitteilungen fiir Malerci '* 
Mitteilimgcn aus der kdniglichen Prufungsanstalt fur 
Wasser-versorgung und Abwasser beseitimg zm 
Berlin 

Mittcilungen aus dem Jl'echnischcn Gewerbe Museum 
Mittheilungen des k. k. Teclmischcn Versuchsamtes 

Mittlicilungen aus dcr zoologischen Station 7.u Neapel. 
etc. 

Annual Report on the Noxious, Beneficial and other 
Insects, of the Slate of IMissoiiri, made to the State 
Board of Agriculture 
Model Sugar Planter, The 

Mcmoric <lclla Regia Accademia di Scieiizc, J ettere 
cd Arli di Modena 

Amiuario della Socicta dci Natuialisti in Modena 
Atti della Socicta dei Naturalisti di Modena 
Memorie di Matematiea e di Fisica della Societa 
Italiana dellc vSeien/e 

Relazione dclle Aduuan/c della R. Accademia di 
Scieiizc. Letterc, ed Arti di Modena, nell’ Anno 
Acadcinico 1812—1)1 
Annuairc flu Cosmos 
Mois chimique ot eleclrocliiiTiKiuc, I.e 
Mois iniiiier et metallurgique, Lc 
Mois seietitifiquc ct iiKlustriel, T.e 
Uutcrsuchiingcn 7ur Nalurlchrc des Mcnschen und 
dor Thiere 

Aimalcu ficr Berg- und Huttenkimdc 
ITemenden der licrg- imd Iluttcnkundc 
JalirbuchVr der Berg- und Iluttcnkundc 
Ncuc Jahrbuclier dcr Berg und HuttenkurMc 
Moniteur dc la ccramiquc de la verrcric et journal du 
ccramiste et dn chaufournier (renins) 

Moniteur de la cordonnerie 
Moniteur dos fils ct tissus 
Moniteur Industricl 
Moniteur Industricl Beige 
Moniteur Pai>eterie 
Moniteur Scientififiue (Qticsnevillc) 

Moniteur de la teinture des apprets ct de I’imprcssion 
des tisstis 

Monatshefle fur Chemic ur.d verwamltc Theilc 
anderer Wisscnschafteu. Gesammeltc Abbhand- 
lungen aus den Sitzungsbericl^ten dcr kaiscrlichen 
Akadeinic der Wissenschaften 
Monatslicftc fur praktische Dermatologic 
Monatsblatt des Gewerbevereins fur Hanover 

Leipziger Monatsschrift fur Tcxtil-Industrie 

Monatsf'hrift fur Zahnarzte 

Analcs dei Musco Nacirnal dc Montevideo 

Tne monthly Journal of Geology and Natural Science 
Monthly Archives of the Medical Sciences 
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•Monthly Cons. & Trade 
Report * 

Montpellier, Acad. Proccs- 
Verb. • • 

Montpellier, Acad. Sci. 
Mem. 

Montpelier Inst. Zool. 
Trav. 

Montpellier, Mem. Acad. 
Sect. Med. 

Montpellier, Recueil. Bull. 

Montreal Natur. Hist. Soc. 
Proc. 

Montreal Pharm. J. 
Montsouri; 

Morphol. Arb. 

Morphol, Jahr. 

Moscou 

Moscou, Comment. Soc. 
Phys. Med. 

Moscou, Soc. Natur. Bull. 
Moscou, Soc. Natur. Mem. 

Moscou, Soc. Natur. Nouv. 
Mem. * 

Moscow Soc. Sci. Bull. 


Moscow Univ. Mem. 
(Natur. Hist) 

MoScowUniv. Mem. (Phys.- 
Math.) 

Moselle, Bull. Soc. Hist. 

Natur. • 

Moselle, Trav. Soc. Sci. 
Med. 

Mov. Piet. World 
Mulder, Archief. 

Mulder, Scheik. Verb. 
Muller, Archiv. 

Miinclien, Akad. Abh. 


Mimchen, Akad. Sitzber. 


Miinchen Bot. Ver. 
Miinchen, Bull. Akad. 
Mimchen, Denkschr. 

Miinchen, Entom. Ver. 
Mitth. 

Munchen, Gclehrte Anz. 


The monthly Consular and Trade Reports 

Extraits des Procts-Verbaux des Seances dc rAcndcmic 
des Sciences et I.ettrcs 

Academic des Sciences et I.ettrcs do Montpellier 

Travaux originaux du I.aboratoire Zoolicpie de la 
Eaciilte des Sciences dc Montpellier ct ile lii Station 
Maritime de Cette 

Memoires de I’Academie des Sciences ft I.ettrcs 
Section de la Medccinc 

Recncil des Bulletins publics par la S(X'iet6 T.ibre des 
Sciences, etc. 

See Canad. Rec. Sci. 

Montreal Pliarmaccutical Journal 
See under Paris 
Morphologische Arbcitcn 
Morphologisches Jahrbnch 

See Congr Int Anthrop C. U 1S02, Congr liit.Mcd 
C R. 18<)7. Congr Int Zoo! fC U) 1S02 
Conimcntationcs Societatis Phvsico Medicae apud 
Universitatem Mo<^<iuensciii insldntae 
Bulletin de la Soci6t6 Impeiialc des Natunilisics 
Memoires dc la Soci6t6 luipcrialc des Naturalistes de 
Moscou 

Nouveaux Memoires dc la Soci6le Tinperialc des 
Naturalistes de Moscou 

Bulletin of the Imperial Society of Lovers of Natural 
Science, Autliroi>olog\' and Ethnography, in connec¬ 
tion with the Impel ial University of Moscow 
Scientific Memoirs of the Ini])eri:d rnivcisily of 
Moscow. Natural History Section 
Scientific M'^inoirs of the Inipcria! University of 
, Moscow Physieo-Mathematieal Section 
Bulletin dc la Soci^tf'^d’Histoire Nalnrellc du departe- 
inent de la Moselle' 

Expose des Travaux de la Scxa^le des Sciences Medi- 
calcs dc la Moselle 
Moving Picture World 
Natuiir- en Scheikundig Archief 
Scheikimdige Vcrhandelingen cn Ondcr/oekingen 
Archiv. fur Anatomic, Physiologic, vnd wisscnschaft- 
liclie Medicin. 

A1) li a n d 1 n n g c n dcr MathematiscU-Phvsikalisch 
Classc der koniglich B.ayensclicn Akadeniic dcr 
Wisscnschuftcn 

Sit7imgslx*richte der Mathematiseh-Phvsikalischcn 
Clas.se der k. B. Akadcmic der Wisscnschaftcn 
Munchen ‘ *' 

See Bot Centrbl. 

Bulletin der k. Akadcmic der Wisscnschaftcn 
Denkschi iften der Konigl Baierischen Akadcmic der 
Wisscnst'haften zu Munchen 
Mitth »ilnngen des Munchener Entomologischen 
Vercins 

Gclehrte Anzeigen 
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Munchcn (ies. JVIorpliol. 

Physiol. Sitzijer 
Mhiiclicn, Naturwiss. Tech. 

Conuii Ahli 
Munclion Phot ('.os 
Miiuohcn, vSitzl)or. 

Miinohoii 1'hicrar/iioi- 
vSchnlo Jahr. 

Mimchon Thieraizll. Iloch- 
schfilo Jahr. 

MiiiiclKti, Zts Arehit. 

Miiiuc I'hiKiii 
Mxuiic. J IvilKHl 
Munster, Abh Aer/.t ('ics. 

Museitni Senckonb 
Must. 

N. lUimsw. Natnr. Hist 
Soc Pull. 

N. liiiKland liot Cluli 
N Ivnul I'lig. 

N. i'ligland J. Med. 

N I-rf l-Tfahr. 

N Hampshire San Hull 
N. Haven. 

N Idea 

N. Med. Plus T 
N. Me.x Agnc Coll Hull. 


N. Oilcans Mod Sing J. 

N. Orleans Proc. 

N. Russ Soe Nalur 
Mem. 

N. S. Wales, Accliin. Soc. 
Kei)ort 

N vS. Wales Dept Mines 
Report 

N S. Wales, luitoni. Soc 
Trans 

N. S. Wales tinn v^oc. 

(Macleav Mem. Vol) 

N. vS. Wales, Linn. Sck 7. 
Proc. 

N. S. Wales 

N. S. Wales, Phil. Soc. 
Tran.s.*-^ 

N. S. Wales, Uoy. Soc. J. 

N S. Wales, Roy. Soc. 
Trans. 

N. Y. Acad. Ann. 

N. Y. Acad. Mem. 

N. Y Acad Trans 


AIUIREVIATIOXS TO L^;RRATURIJ 

Sitzungsbcrichtc der V.csellschaft fur, Morphologie. 

tind Physiologic in Miinchcn • 

Abhandliingen d«r naturwi.ssenschaftlichtechnischen 
Commission bci dcr Konigl. Ba/erit chen Akadcmie 
See Wicn, Photogr. Correspond. 

Silzungs>/eriehto dcr Konigl. Haierischen Akadeinie 
dor Wissenschaften zu Munchcn 
Jahresbcricht der k. Ccntral-Tliierarznci-Sc^nile in 
Munchcn ‘‘ 

Jalircsbcricht dcr k Thierar/thehcn Ilochschule in 
Munchcn 

Zcitsclinft des Baj^crischen Arcliitektcn und Ingciiieur- 
Vereins 

Municipal Engineer 
Municipal Journal and 1‘Tiginccr 
Abhancilungen uikI Bcobaclitxnigcn dcr arztlichcn 
Gcscllschaft zu Munster 

Museum Senckenbergianum * f 

Lcip/.iger Karber Zeitung (Parberei Mnsterzeitung) 
Bulletin of the Natural History Society of New Bruns¬ 
wick 

See Rliodora 

New P.ngland Ibiginccr, The 

New Ivngland Journal of Medicine ami Siugcry 

Neuste lirfinduiigen und Ivrfahrungcn 

New Hampshije Sanitary Bulletin 

See Connecticut i 

New Idea (Tlie), Detroit * 

New Medical and Pliysieal Journal 
New Mcmco Agneulturai College. lvx])eriment Sbi- 
lion. Las Cnics, N. M Bulletin New Mexico 
College of Agriculture and the Mechanic Arts 
Agricultural I'Npenmental Station Bulletin 
New Orleans Medical and Surgical Journal 
Proceedings of the New Oilcans Academy of Sciences 
Memoijs of the New Ru^si.in Society of Naturalists 

Annual Reports (3. (>, and 7) of ‘the Aedirnatisafion 
Sociclv of N. S W 

Animal Repoit of the Dep.utment of Mine.s (and 
Agriculture), New South Wales 
Tlic Transactions of the Ibitomological Society of 
I^cw vSouth Wales 

Linncan Society of New South Wales. The Macleav 
Memorial Volume 

The Proceedings of the Tanncan Society of New South 
Wales 

New South Wales Patent 

Transactions of the Philosophical Society of New 
• South Wales 

Journal and Proceedings of the Royal Society of 
New South Wales 

Transactions of the Royal Society of New South 
Wales 

Annals of the N^w York Academy of Sciences, late 
Lyceum of Natural History 
New York Academy of Sciences. Memoirs 
Transactions of the New York Academy of Sciences 
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*K. Y. Acad. ltIed#Bull. 
N. V. Acad. Med. Trans. 
N. Y. Agric. Soc.^Traiis. 


N. Y. Bot. Chib Bull. 
N. Y. Entom. Soc. J. 
N. Y. Insects Kepoit 


i\. Y. J. Med. 

N. Y. Unn. vSoc. Trans. 

K. Y. Tit. Phil. »Soc. Tians. 

X. Y. Tycenin Ann 

N. Y. Lyceum, Proc. 

N. Y. Med. J. 

N. Y. Med Repos 
X. Y. Med. Soc. Trans 

N. Y. Mas Bull. 

N. Y. Mas. Mem. 

N. Zeal. Inst. Trans. 

X. /oal. fnst Min Liigni 
Trans 

X. Zeal. J. Sci 
X. Zeal. r. 

X. Zeal Pap & Rep 

Xachr. konig (les 


Xaiicy, Acad. Stanislas 
Mem. 

Xancy Soc Sci Bull. 

Xancy Soc. Sci. Mem 

Xancy Soc. Sci. Trav. 

Xantes J. Med. 

Xyntes, Ann. Soe. Acad 

Xantes Soc. xSci Natur Bull 

Xapoli Accad. Aspir. Ann 
Napoli Accad. Atti 

Xapoli Accml. Pontan. Atti 
Napoli Accad. Sci Atti 

Napoli Accad. Sci. Mem. 
Napoli Giorn. Mat. 

Napoli, Atti Ist. Incorr. 


Bulletin of the New York Aeailemy of Medicine 
Transactions oi the New York Academy of Medteine 
Transactions of *the New Voik State Agricultural 
Society 

Bulletin of the Torrey Botanical flu}) 

Journal of the New Voik IinlomologuMl Society 
Kepoit on the Noxious, Beneticial ami other Insects 
of the Slate of New Voik 

New York Journal of Medicine and (he Collateral 
Sciences 

'rransaelions of the Linnaeaii Society of Xiw York 
Transiictions of the Literary ami I’Inlosopliical Society 
of New York 

Annals of the Lyceum of Naimal ilisloiv of New 
York 

Pnx'ecdings of the Lyceum of Natural History in (he 
City of New York 
New York Medical Jounial 
Medical Kej>ository of New Voik 
Transactions of the Medical Society of (he State of 
New York 

University of the vMate of New York Bulletin of the 
New York Stale Miiseuin 
iMcmons of liie New Voik State Museum 
Transaetions and Pioce(‘dings‘ of the New Zealand 
Institute 

'I'raiisaclions of the New Zealand Institnlc ol Mining 
Ivngineers 

The New Zeal.mil Journal of vSeience 
New Zealand Patent 

New Zealand l^ajrcrs ,iiul Repoits relating to 
Mmetals and Mining 

Naehrichten von der konigliclien ('.estllsiliaft der 
Wissenst’iaftcn zu (.otlmgen (.Malheiiialisehe- 
• l)hysikalische Kl.isse) 

Academic de Stani^as Menioires de la SoeitiT^ 
(Royak) des Sciences, etc , de Naiuy 
Bnllctm de la vSoeiete des Sciences dc Nancy 
Menioires dela Societe (Koyale) des Sciences, Lettres, 
ct Arts de Nancy 

Precis aiialytiqiie des Travau.x de la Society (Koyale) 
des Sciences, Arts, et Agiicnltiiic de Nancy 
Jouinal (le la Section de Medccnie de l.t Societe 
Academique dn deparleincnt <le la I.oire Infencurc 
Aniiales de la .Societe Aeadcinique de Nantes et du 
departement de la Loire Inlerieiire 
Bulletin de la Societe des Sciences n»turelles de 
rOucsl dc la l-'ranee • 

Annali <lella Accademia degh aspiranti Naturalis*i 
Atti della Reale Acca*dcinia dclie Scjen/.i^Fisiche c 
Matematiche 

Atti (leir Accademia Pontaiiiana 
Atti della lU'ale Accademia della Scienze c Belle 
IvCltcrc; Sezione della Socicta R. Borbonica 
MemAie della R. Accademia della Scienze 
See Giornale di Matcmat. * 

Atti del Real Istituto d’lncorraggiaraento alle Scienze 
Naturali di Napoli 
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Napoli Lucifcro 
Napoli Mus. 

Napoli, Ann. Mus. Zool. 

Napoli Rend. 


Napoli Soc. Natur. Roll. 
Natl. Assoc. Retail Drug, 
Notes 
Natl. Disp. 

Natl. Drug. 

Natl. liclect. Med. Assoc. 
Quart. 

Natl Gla.ss Budget 
Natl. Inst. Bull. 

Natur. Can. 


Natur. Sicil. 

Natur. J. 

Naturaleza 

Naturalist (Yorks) 

Naturaliste 

Nature 

NatuK. 

Natur. Hist. Review 

Naturhist. Notizen 

Naturhist. Tidsskr. 
Naturwiss. Umschau 
Chein. Ztg. 

Natiiurk 'j'ijdschr. 


Nauchc, J. Galvan. 
Naval Archit. Trans. 
Naval Sci. 


Ncapel Zool. Sta , Fauna & 
Flora 

Nei\ocl Zool- vSta. Mitth. 
Nebraska' viniv. Stud. 

Nederl Archiv. 

Nederl. Archie! Natuurk. 
Nederl. Rot Vcr. Veisl. en 
Meded. 

Nederl. Dierk, Vcr. Tij<^ 
schr. 

Nederl. Kntom Ver. 


II Lucifcro 

Museo di Letteratura e Filosofia 
Annuario (iel Museo Zoologico della R. Universita di 
Napoli * . - ’ 

Rendicoi^to delT Accademia delle Scienze Fisiche e 
Matematiche. (Sezione della Societa Reale di 
Napoli) 

Bollettino della Societa di Naturalisti in Napoli 
The Journal of the National Association of Retail 
Druggists, Chicago 
National Dispensatory 
National Druggist 

The National Eclectic Medical Association Quarterly, 
Cincinnati 

National Glass Budget 

Bulletin of the Proceedings of the National Institu¬ 
tion for the Promotion of Science 
Le Naturaliste Canadien. Bulletin de Reoherches, 
Observations et Decoiivertes se rapportant a 
ITIistoire naturcllc du Canada 
11 Naturalista Siciliano. Giomale di Scienze Natiirali 
The Naturalists’ Journal 

La Naturaleza. Periodico cicntifico de la Sociedad 
Mcxicana de Historia Natural 
The Naturalist: Journal of the West Riding Con¬ 
solidated Naturalists' Society 
Le Naturaliste 
Nature 

Der Naturforscher 

The Natural History Review and Quarterly Journal of 
Science 

Naturhistorische und chemisch-techiiisohc Notizen 
nach den neuesten Krfahruiigcn 
Naturhistorisk Tidsskrift 

Naturwissenschaftlichc JJm.schau der Cheiniker- 
Z^Mtung 

Natuurkiindige Tijdsclirift, inlieudciKle Phijsica, 
Cheinie, Phannacie, Nat. Hi.st, &c., uitg. van wege 
het Gcnootschap: “Tot lut cn vergenoegen,” te 
Arnhem. 

Journal du Galvanisme, de Vaccine, etc. 

Transactions of the Institution of Naval Architects 
Naval Science: a Qum;teily Magazine for promoting 
the improvement of Naval Aichitecture, Marine 
Engineering, Steam Navigation, and Seamanship 
Fauna und Flora des Golfes von Neapel und der 
angrenzenden Mecrcs-.‘\bschnitte herausgegeben von 
der Zoologischen Station zu Neapel 
Mittheilungeu aus dcr Zo«<ogischen Station zu Neapel 
University Studies. Published by the University of 
Nebraska 
Sec Sclenka 

Nederlandsch Arcliief voor Genccs-en Natuurkunde 
See Nederl. Kruidk. Arch. 

►» 

TijJschrift ^r Nederlandsche Dierkundige Vereenlg- 
ing 

Sec Tijdschr. Ent. 
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NedcrI. Knii(Jk- Archief. 
Nederl. Lancet 

Nederi. TijtficHf. Dier* 
kundc 

NederL Tijdschr. Geneesk. 


Neuchatel Soc. Sci. Bull. 

Neues Bergmann J. 
Neues Jahr. Min. 


Nedcrlandsch Kruidkundig Archief 
Nedcrlandsch Lancet. Tijdscluift nan dc praktischc 
Chirurpc, 5tc 

Nederlandsch Tijdschrift voor de Dierkunde, uitge- 
geven dogr hot koninklijk Zoologisch Gcnootsclmp 
Natura Artis Magistru te Amstonlaiu 
Nedcrlandsch Tijdschrift voor Geiiccskuiule, tevens 
orgaaii dor Nedorlandschc Maatscliappij tot de 
Bevordoriug dor Gonooskunst 
Bullotm de la Sociot6 dcs Sciences Natujcllos dc 
Nouchatcl 

Neues bcrgmaiinischos Journal 
Neues Jahrbuch fur Mineraloi’ic, ('.eologie und 
ralacontologto 


Neues Lausitz. Mag. Neues Lausilizisches Magazin; unter Mitwirkung der 

OlxTlausitzischcn Gcsollscli.ift der Wisscnschafton 
^'euc med.-chir. Ztg. Neuc rncdicinisch-chirurgischo Zcituiig 

Neues Nord. Archiv. Neues nordisches Archif hir Natur iiud Ar/neikunde, 

verfasst von cincr ('.oscllscliaft nordischer Goiohrten 
Provinz. Neue Prcussisclio IVivinzial-Blattcr 


Neue Preuss. 

Blatt. 

Neu-Vorporamcm Mittli. 


Newbury Field Club Trans. 
Newcastle Chem. Soc. 

TrAis. 

Newf. P. 

Newman. Kutom. 

Newport Natur. Hist. Soc. 
Proc. 

Nicholson J. 

Nick. 

Niederl Archiv. Zool. • 
Niederosterr. Gewerb-Ver. 
Verh. 

Niederrhein. Ges. Naturk. 
Sitzber. 

Niederrhein. Ges. Organ. 


Nieuw Archief Wisk. 

Nimes Soc. Sci. Bull. 

Nor. Amcr. Med. Chir. 
Rev. 

Nor. Eng. Inst. Min. Kngin. 
Trans. 

Nor. Staff. Field Club Rep. 


Nord. Braband, Handel. 

prov. Genoots. 

Nord France Soc. Linn. 
Bull. 

Nord France Soc. Linn. 
Mem. 


Mitthcilungi'ii .lus dem naturwissonschaftliclien 
Vcrcins fur Ncu-Vorpommern imd Rugon in Greifs- 
waid 

Transactions of the Newbury Hislrict ImcIJ Club 
Ncwcastle-upou-'l'yao Chemical Society Transac¬ 
tions 

Newfoundland Patent 
The Entomologist 

Proceedings of the Newport Natural nistor> Society 

Journal of Natural Philosophy, Chcmi.stry. and the 
Arts 

The Nickelodeon 

Niedcrl.mdisclic.s Archiv. fur Zoologie 
Verliandlungen ^es N iederbstcrreichischen Gewerl)c- 
Vereins 

Sitzungsherichte der Nicderrheinischen Cesellschaft 
fur Natur- und Hcilkunde zii Bonn 
Organ fur die gesammte Heilkunde; herausgegeben 
von der Nicderrheinischen Gcscllschaft fur Nalur- 
und Hcilkunde zu Bonn 
Nieuw Archief voor Wiskundc • 

Bulletin dc la vSocieti* d’Ivtude dcs Sciences Natureiles 
dc Nimes 

The North-American Medico-Chirurgical Review 

• 

North of Ivngland Institute of MiniRg and Mechanical 
Engineers. Transactions * • 

(The) North Staffordshire (Naturalist?) Field Club 
(and Archaeological Society). Annual Report (and 
Transactions) 

Handelingen van het provinciaal Genootschap van 
Kunsten cn Wetenschappen in Nord Braband 
Btlletin de la Soci6t6 Linneenne du Nord de la France 

« 

Memoires de la Soci6t6 Linneenne du Nord de la 
France 
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Nord, Mem. Soc. Agric. See Douai ^ . 

Nord, Soc. Agric. Seance Seance Publique de la Sociite d’Agricnlture. Sciences, 
Piibl. et Arts, dtc.. du dcpartement dii Nord 

Nordanicrik. MonatslxT. Kordainerikanischer Monatsbericht <ur Natur* und 
* Ilcdkunde 

Norddcut. Landwirth Dcr norddcuische Landwirth 

Nordisches Archiv. N'ordisches (u. Neucs Kordisclics) Archiv. fur Nt^tur- 

kundc und Arznciwisscn^haft 

Norf. Norw. Natur. Soc. Transactions of the Norfolk and Nonvich Naturalists' 


'Frans. Society 

Normandie See Caen 

Normandie Soc. Linn. Hull. Hulletm <le la Societe I.inneenne de Normandie 

Normandie Soc Linn. Mem. Memoires de la Societe Linuecnne de Normandie 

Normandie Soc. Lmn. Seance PuiiUques de la Society Linneenne de Nor- 
Seanee I’ubl. mandic 

Norsk Tidsk. Vid J.itt. Norsk Tidvskrift for Vidcnskab og T.ittcratur. 

Norske Vidcnskab. Skrift. l)et Kongelige Norske Videnskaiierssclskabs Skrifter | 
det lU de Aarhumlrede 

Northampton Natur. TIist Journal of the Nortliampton(slurc) Natural History 
Soc. J. Society and Field Club 

Northern J. Med. Northern Jouinal of Medicine 

Northumb. Natur. Hist Transactions of the Natural History Society of North- 
Soc. Trans. iimberland, Durham, and Newcastle-upon-Tyne 

Northwestern Dnig. Northwestern Druggist (The), Minncaiiolis 

Norw. P, Norwegian Patent 

Notarisia Notarisia. Commontaiium Phycologicum. La 

Notarisia. Conuucntai io Fieologico Gei^erale. 

Parte spcciale della Kivista Neptuma 

Notices of Judgment, U. S Notices of Judgment, U. S. Department of Agri- 
Dept. Agric culture 

Noli/. Aichit. Vcr. Nicdcr- NotizUalt des Architekteii und Ingeiiieur Vereins 
rliein fur Niederrheiu und Westfalen 


Notiz. Riga Nolizblatt des techmsclien Vereins zu Riga 

Nouv. Ann. Math. Nouvelles Annales de Matliemati(|iics 

Nouv. Archiv. Miss Sci. Nouvelles Archives des Missions Scientifiques et 
Litt(;»'aires 

Nouv. remedes Nouveaux remedes, Paris 

Nova Acta Acad. Nat. Novorum Actorum Acadcniiae Caesareae Leopoldino 
Curios. Carolinae Germaiucae Naturae Curiosorum 


Nova Scotia Inst. Sci Proc. (The) Proceedings and Transactions of the Nov; 

& Trans. Scotian Ipstitutc of (Natural) Science 

Nova Scotia, Trans. Lit. Transactions of the Literary and Scientific Society o 
Sci. Soc. Nova Scotia 

Novitates Zool. Novitates Zoologicac. A Journal of Zoology ii 

connection with the Tnng Museum 
Nuov. Alin. vSei. Natur. Nuovi Annali delle Scien/e uaturali 


Nuov. Antol, Sci. Nuova Antologia di Scienze, Lettere (Lettcre. vSeienze 

< ed Arti 

, Nuov. ♦Cimcijto II Nuovo Ciniento, Giornale di Fisica, di Chimica, 

^ di Storia Naturale 

Nuov. Gioni. Bot.'llal Nuovo Giornale Botaiiico Ttaliano (e Bullettino dell 
Societa Botanica Italiana) 

Nuov. Notarisia La Nuova Notarisia. Rassegna (trimcstrale) coi 

sacrata alio Studio delle Alghe (e Corollario al! 
“Sylloge Alganim Cmnium”) 

Niimb. Natur. Ges. Abh. ^bhandlungeif der Naturhistorischen Gcsellschaft a 
Numberg 

Nye Hygaea Nye Hygaea 
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Nyt Mag.'Natiirvid. 

Nyt Tidsskr. Fys. Kem. 
Ohcihess. Ge^ Her. 

Odontol »Soc Tians 

(Vslcir Bot 7 a ^. 

Ofslerr. Cliciii. Ztg. 
Oesteir. hndw. Wwhciibl. 
Ocstctr Med Jahr 

‘Gostcrr Med \Vochen!^cll^. 

Oesierr. W’ocheiisrlir. 

evsterr. Zts Borg Hut* 
tenw. 

Orslerr. img /{*?. /lu'kef- 
ind. 

Oil. Gn? 

(>iTfnl)ach. Ver. Katurk. 
Ber. 

Oil Colour J. 

Oil, Taint Hriig Kep 
One 

Oise Mem. S<k' Acad. 

• 

Okdi^sis 
Omalm Ibug 
(iniodei Ann Vniv. 

Onfarui lintom. Soc Uep 
< >potto 

Ophtlialni Bibliothek 
oplilli.ilni. Ho‘jp Reports 

• 

(Ophthalmic Kev. 

Organ Kiilien/.uckerind 
()rKclb 
Orlean.s Ann 

Orleans, Bull. 

(')rnis 

Ornith Jahr. 

Ornith Monatsber. 
Ornithol. 

(_)rnitliol ()()1 
Orsted Tidssknfl 
Orvos-Tcrmesz liites 


i<yt Magazin for Nalnn'idenskabcrne 
Nyt Tidsskrift for Fysik og Keim 
Bcrichte der T^berhcssischcn Gcsellschaft fth Natiir- 
kiinde mid Ileilkunde in Giessen 
Transaction^ of the t>donlological Socutv of Great 
Biitnin 

C3eslciTeichisi he Totani'^che Zeilschnft 
Oesterreieliische Chennker Zeitiing 
OestmcK'hisches landwiilschafthehts Wocheiiblalt 
Medicinisches Jahibuch des k. k Oestti ieiOii>.cluii 
v^taales 

Ocslcrreieliisrhc Medicinischc Wochensi hrift. ids 
ICrganzungsblatt der incdioiuischi'n Jaiirbiiclui 
Oesterrciehische Wcxlieiisdiiift fur Wissciischaft, 
Knnst, uud ofTcntliche*^ Leben 
Oesterreichsche Zcitschnfl fni Berg- mid Hulleii 
weseu 

Oesterrciebisch ungaiische Zeitschrift fur Z.uckei- 
’ indusfrit und I.andwulsch.dt 
Oflicial Gazette, I'liited Slates Talent Olhee 
Bencht des Ollcnbacher \’ereins fur Nttluikmuh- uber 
seine Thdtigkeit 

Oil and ColonrmaiTs Ti.ule Joninal 
Oil, I’amt and Oriig Reiwfer 
S(‘e Beauvais 

Memoires do la Sociel*'- Academi(|ue d’Archeologie, 
Sciences, et Arts du dep.irtoment de TOisc 
Isis. Oder iincyclopadisclie Zeitung 
Omaha Hruggist (The). Omaha 
Annali I'niversah di Meiliema 
Report of llie Kntomologu .d Society of Chitario 
Sec Toilo 

(tphthalmologXclie Bildiothc'k 

Ophth.ihnic Hospital Reixnts and louina! of the 
Royal London Ophthalmic Hospital 
The Ophlhahmc^i<eview. a (Juarterlv Journal of 
Ophthalmic .Surgery and Science 
fhgan <ics Cenlrahereins fur Kulren/.uckerimlnsliie 
I tie ttrgelTian/.eitmiK 

Annales de la .S»Kietc Rovale des .Sciences, BelleS' 
Lettics, et Arts d'()ilcans 

Bnllelin d^s .Seicnces Thysicpies, Medicalcs, ct 
d’Agriculturc d’()j leans • 

Oinis, Oder das Neusle und WichtiKslc dcr Vogel* 
kiinde, etc 

Ornithologisches Jahrbnch 
Omithologische Monatsl crichtc 
The Ofnithologist 
The Ornitliologist aiul Oologist 
Tidsskrift for Natdrvidenskaliernc 
Orvos-TeriiK-szettudomanyi Krtcsito a Kolozsvari 
Orvob-Terincszettudomaiivi Tarsulat es az Krdelyi 
Miiseum-ligylet Tenneszettndomanyi Szakosz- 
talyanak az .szaknlescirol .(Medical and Natural 
Mi.story Troceedmgs of the sections of the Klausen- 
burg Medical and Natural History Society and of 
the Natural History section of the Museum Associa¬ 
tion of Transylvania 
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Osnabnick, Jahr. 

Ottawa KicM-Natur. Club 
1'rans. 

Ottawa Natur. 

Oucst rVance Soc. Sci. Nat. 
Bull. 

Ovcrsigt K. Danjfkc 
Vitlcnsk. >Selsk. Korh. 
I’acific OruR. Rev. 
racific 1‘harm. 

I’adova, Mem. Acad. 

Padova, Nuovi Saggi 

Padova, Rivista Period 

Padova, Soc. Sci. Atti 
Padova Soc. Sci. Bull. 

Palermo Accad. Atti 

Palermo Circ. Mat. Rend 
Palermo, l{ITcmcridi 


Palermo, Giorn. Sci Natur. 


Palermo, Mem. Spettrose 
Ital. 


Jahresbericht des Njt irwisscnschaftiicljen Verems zii 
Osnabnick 

Ottawa Field-Naturalists' Club Transagtions 

The Ottawat Naturalist 
See Nantes... 

Oversigt over det KongcUge Danske Videnskabernes 
Selskabs Korhandlinger 
Pacific Drug Review, Portland 
Pacific Pharmacist 

Memoric delP Accademia di Scienze, Teltere, ed Arti 
di Padova 

Nuovi Saggi dcU’ Accademia di Scienze, Pettere, ed 
Arti di Padova 

Rivista Periodica dei Invert della I. R. Accademia di 
vSeienze, Pettcre, ed Arti di Padova 
Atti della Societa Veneto-Trentina di Scienze uaturali 
Bullettino della vSocieta Vencto-Trentina di Scienze 
Natural! residente in Padova 
Atti della Reale Accademia di Scienze, T.ettcre c 
Belle Arti di Palermo 

Rendiconti del Circolo Matematico di Palermo 
F.dermcridi scicntifiche c letterarie per la Sicilia; 
coi Pavori del R. Instituto d’lncorraggiamento per 
la Sicilia 

Giornale di Scienze uaturali ed cconomiche, pub5)licato 
per Cura della Societa di Scienze uaturali ed eco- 
nomiche di l^alermo 

Memorie della Societa degli Spettroscopisli Ttaliaiii 


Palermo Oss. Bull Mctcorol. 

Palermo Oss Ossvz. Me- 
tcorol. 

Palomba, Raccolta 
Palyamunkak 
Pander, Beitr. Naturk. 
l\aper 

Pai)er-Maker Brit. Trade J. 
Paper Makers' Monthly J. 
Paper Making 
Paper Mill 
Papers Naval Archit. 

Paper' iVado J. 

Papier-Fal)r.' 

Papier Ztg. 

Papierhandol 
Papilio 
Papir J. 

Par. P. 

Para, Mus. Hist. Natur 
Bob 

Paris, Acad Med. Bull. 


BuUctlino Mctcorologico del Realc Osservatorio di 
Palermo 

R. Osservatorio di Palermo. Stazioni di Valverdc 
Osservazioni mcteorologiclie 
Raccolta di I.ctterc, etc, inlonno alia Fisica cd alle 
Mathematiche 

Palyamunkak.. Tcrmerzctlud (Prize Ivssays of the 
Hungarian Academy) 

Beitrage zur Naturkundc aus den Ostsceprovinzen 
Ritsslands 
Paper 

Paper Maker and British Trade Journal 
Pai^cr Makers’ Monthly Journal 
Paper Making 

Paper Mill and Woodpulp News 
Papers on Naval Architecture and other subjects 
connected with naval science 
Papcf Trade Journal 
Papier-Fabrikant, Dcr 
Papier Zeitung 
Der Papierhandel 
Papilio 

Papir Journalen 
Paraguay Patent ' 

Bolctini do Museu Paraense dc Historia Natural e 
Fthnograpliia 

Bulletin de!’Academic de Medecine 
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• 

^aris, Acad.*Me4. Mem. Mcmoires de TAcademie de Medccine 
*arii, Acad. Sci. Compt. Comptes Rendus hcbdomadaircs des Seances de 
rend. ^ I’Academie de* vScienccs 

*aris, Acad. Sci. Mcmoires de I'Acadcmic dcs v^ciences <lc I’lnstilnt de 

France ^ 

'aris, Ann. Cere. Med. Annales du Ccrclc Mcdicale 
'aris, 1\nn. Conserv. Annales du Conservatoire dcs Arts ct Metiers 

*aris, Ann. Kcole Norm. Annales scicntiliqnes de ri{cole Norniale Sujtcrieure 
*aris, Ann. Fonts Chauss. Annales des I’onts ct Clianssecs. Memoircs ct d<3cn* 
ments rclatifs a I’Art des Constructions ct an 
Service dc I’lngcnienr 

’aris, Ann. Soc. Kotoni. Annales de la Socict6 Hntoniologiqne dc France 

’aris, Annaes Sci. Annaes das Sciencias, etc, por huma Socicilade dc 

I’ortiigueres residentes cm I'aiis 

’aris, Annu. Med. Chir. Annuaire medico chinirgical des llopitanx, etc, de 
Hosp. Paris 

’{Mis, Annu. Soc. Met. Annmiire <le la Soci6t6 Mctcorologiquc de France 
’aris, Anthro|)ol. Soc Pull. Bulletin dc la Soci6t6 d’Anthro|>ologic dc I’ans 
’aris, Anthropol Soc Mem. Memoin-s de !a Soi'U‘t6 <rAntliropologic dc Paris 
’aris, Bull Fac. Med. Bulletins de la b'acuUe de Mcdccinc dc Paris ct de la 
Sociele ctablie dans son sein 

’aris, Bull. Soc Acrost. Bulletin de la Society Aerostatiqnc et Mcteorologiqiie 
de rtaiiee 

’arts, Bull. v‘^oc Sci. Natur. Bulletin de la Soci^t6 dcs Sciences NaturcUes de France 
’aris, Bur. Long. Annu Annuaire pour I’An.. public par le Biiieau des 
Longitudes 

’aris, Cius. Sci. Causenes vSoicntifiqucs dc la StK'i^'tc Zoologi(|ue de 

I'rancc 

’aris. Club Alpin I'ranc Annuaire dn Club Alpin Francais 
Annu. 

’aris, Coni Inti Carte. Ciel Institut de France. Academie des Sciences Bulletin 
Bull du Coinite Inlemational Permanent pour rjvxecution 

j’liotogiapbi(n.e de la Carte du Cicl 

’aris Coiigr. Bot. Act. Actes du Congres InternatJonal de Botaniqne tenu a 
• Pans in aout 1SI)7 

Paris Congr. Bot. Compt. . Coinplcs Hcn(||^s . Congres Intenialional de 
rend. liotani(|ue cl d’lIorticiiUure 

Paris, Congr. Med Inti. Congres Medical International dc Paris, 1807 
Paris, Ecolc Norm Ann. Annales Scicntiliqnes de rpcole Normale Superieure, 
publics sous les auspices du Ministro de I’lnstiuc- 
tlon Publique 

Paris, Ecole Poly. Corresp. Coirespondance siir Tlveole Polytcchniquc, a l usage 
dcs JUeves tie cette ICcole ^ 

Paris, Ecole Poly. J. Journal de I'licole I’olylcchnique public par le Coitteil 

d’Instruclion de cet Ivtablisscment 

Paris, Ethnog. Soc. Compt Comptes Kendus dcs Seances de 1« Soci6t4 d’Kthno- 
rend. graphic Americaine et Orientale . 

Paris, Hautes Etudes Bibl. BiliHolhequc de I’Ecole dcs Ilautes Eludes . .Section 
dcs Sciences NaturcUes ^ 

Paris. Ingen. Civ. Mem. Mcmoires et Comiitel^endu des Travaux A la Soc6it6 * 
des Ingcnienrs Civils (de France) * 

Paris, J. Bot. Journal de Botanique, par une vSoci^U de Botanlstes 

Paris, J. Chir. Journal de Chirurgic 

Paris, Lab. Histol. Trav. Ecolc Pratique des Hautes Etudes. Lalmratoire 

d’Wistologie du College dc France. Travaux 
Paris, Mem. Acad. Med. Mcmoires de I’Academie (Royale) de Medecine 

Paris, Mem. Acad. Sci. Mcmoires de I*Academie qqs Sciences 

Paris, Mem. Inst. Mcmoires de la Classe des Sciences malhematiques 

. * et physiques de ITnstitut 
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l^aris, Mem. J^oc. Savants Menioires des vSocietes Savants et Eitteraires de la 
Keptihlique Krancaise ” 

Taris, Mian Savants Ktrang. Mrnwires presentes par divers *Savants a I’Academic 
des Sciences <Ie rinstitut de ."‘'ranee 
Taris. ^^em Soc Ivthnol Memoircs dc la Societc ICthnoIoguiue 

Pans, Mem Soc I'ac. Med. Memoiii^s de la Soci6te <lc la I'aculte dc Medecinc 

Pans, Mem. Soc. lann Meinoire.s de la Societe Ivinneenne <le Palis 

Pans, Mem Soc. Med Mcinoires de la J^fociete <le Mcdecine 

Paris, Mem. J^oe. Med. Memoircs de la Socictc Medicale d’OI)'>ervation 
(dfeerv. 

Paris, Mus. Hist. Naliir. Aimalcs du Museum d’Histoire Nuturclle 
Ann. 

Pans, Mus Hist. Natur. Archives dii Museum d’Histoire Nalurellc 
Archiv. 

Paris, Mus Hist Natur. Bulletin du Museum d’Hisloiic Nuturclle 
Bull. 

Pans, Mus. Hist Natur. Centenairo dc la I'ondation du Museum d’Histoiie 
Cent Natmelle * 

Paris, Mus Hist. Natur. Memoires du Museum d’llisloire Natmelle 
Mem 

Pans, Mus Hist Natur. Nouvelles Ami.des du Museum il’Hisloire Naturelle 
Nouv Ann. 

Pans, Mus. Hist Natur Nouvelles .Archives du Museum d’llistoire Naturelle 
Nouv. Archiv. 

Pans Ohs. Ann. Annales dc rOhservatoire de Palis 

Paris, Ohs Montsouiis Annu. (ViUc dc Pans ) Aiinnaire dcrobservatoirc (munici¬ 
pal do Paris, dit Observalone) de MoiPsouris .. 
Paris, Poids Mes Proc - Comite Intcrnulional <Ies Poids et Mesures' Proces- 
Verh \’erb.uuc des Seances 

Pans, Poi.ls Mes Tiav. Mem Trav.anx et Momones du Jhireau International dcs 
Poids et Mesnres 

l‘;uis, Uecueil Soc. Med. Kccneil des Irav.mx de la Societe Medicale d'Observa- 
()bserv tion de Pans 

Paris, Uecueil Tiav. Soc Recueil dcs Travuix Ins a la Socielc Medicale Alle- 
Med Allemande mande de Paris 

Puri-^. Soc Accliin Bull. Bulletin de la Sociele Xoolouiqitc d’Acclunatation 

Paris, Soc Anat Bull. Biih'etm de la Societe Anatonuc|ue de J^aris 

Paris, vSoc Authrop Bull Bulletins de la Societe d'Antluopologic dc Paris 

Paris, Soc. Anthiop. Mem Memoircs de la Societe d’.Anthropologie de Paris 

Paris, Soc Biol Mem ComiAcs Uendns des Seances et Memoircs de la 
^Soci^t^ lie Biologic 

Pans, Soc. Chir. Bull Bulletin de la Soeietc de Chirurgie <le Paris 

Paris, Soc. Chir Mem Menioires dc la Society dc Chinirgie de Paris 
Paris, Soc. Bntorh Ann Annales dc la Societe luitomologiqiie de France 

Pans, Soc Fntom Bull Bulletin de la Societe liiitomologique de France 

Patis, Soc. Geogr. Bull. Bulletin ile la vSocicte de Giograpliie 

Paris, vSoc. Geogr Compt. Comptc Uendu des Stances de la Societe dc Geographic 

rend. ' , et de la Commission Cent'rale 

Patis, Soc Hibt Natur Memones de !a Societe d’Histoire Naturelle de Paris 
Mem. '* 

Paris, Soc lug. Civ. Mem. Memoircs et Comptes Ronclus des Travaux dc la 
Socicle dcs Ingeiueurs Civils 

I’aris vS(K‘. Finn. Bull. Bulletin mensuel rle la Societe I.innecimc de Paris 

Paris, Soc Math. Bull. BuPetin dc la Societe Mathematique de France 
Paris, Soc. Med Kmul Bull Bulletins de la Soc'iet6 Medicale d’lvinulatiou 
Paris. vSoc. Med. Knud. Memoires de la Societe Medicale dTCmulation 
Mem. 

Paris, Soc. Philoin. Bull Bulletin des Sciences de ia Societe Philomatbique dc 
Paris 
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Paris, Soc. •Phi||>ni Mein 
Cent. 

Paris, S(K. Philoin Nouv 
Bull • • 

Paris, Soc Philoin Proc 
Verb. 

ParH Soc Phvs Siancos 
Pans. Soc. Si'K-lcol. Mem 
I’arisTow. Nauk Scisl. Pam 
l^aiis, Trav StK'. Ainiit 

Parlatore, ('.iorn. Bot. 
Parma, Giorn Soc Mc<l. 
Chir. 

Passan Her Nat \'cr 

I^ssan, Jahr Natnrlusl 
Vcr 

Path<»l Soc Trans 
Pavia Kt Bot Atli 


Pavia I.al) CiiUO]^'. Au hiv. 

PcalKidv Acad Mi in 
!’eabo<lv .Acad. Pcpoil 

Penn I'niv Pub!. 

Pcn/ancc Soc Trail' 

IVrf l.^scnt (Ml pec 
Pcrtlish StK* S< i 'rian<< K- 
Pr<x\ 

Pern P 

I'ct Nouv IviUom 
PeU nnaiin, Miltli 

Peters, Zls 


Petroleum 
Petroleum ('.a/. 

Petrolcu ni Pcv. 

Pllugcr, Archiv Physiol 

Pharm. 

Pharm.-Bcr iVut.-Airhuch. 


Phaim. Centr. 
Pharm Ceiitralh. 
Phann. lira 
Pharm. J. 

Pharm. Post 
Pharm. Weekblad 
Pharm Ztg. 


Meinoires tmblics pai l.< .Siciete I'liilomatlihjue a 
Poccaskm <hi Ccntcnaire dc sa Pondatioii. I7S.S-18KS 
Nouveau IhillcBn lies Sciences dc la SiK'iete Plnloinat- 
ifpic de Pans 

lixtrails lies I’khtsA cihaux dcs Seances ilc la Sock;t('“ 
Phdomatuiftc 

v'^canccs dc la Socicte Idancai’^c de Phvsiquc 
.Mcmoiics dc la Socictc dc Spclcoloyic 
Pamictmk 'i'o\%ai/vslwa Nauk Siislycli w Pary/u 
Notice dcs 'I'rav.mx <lo la SiKictc des .Amatuers des 
Sciencis ph^^iqucs ct natntcllcs dc Pans 
(iiom.de Botamco Itahano 

(iiotnale d«’Ua Six'ieta Medico Chiiuigica di Parma 

Bciidit dcs Naturhi''toischcn Verems in Passan 
fur 

JaliicvlK'riclit fics Xatmlnstoiischcii \’ciciiis 

Transactions of the PalholoK'cal Society of I.oiidon 
Atti dcir Istituto Botanic*) ddl’ Pmvcrsita di Pavi.a. . 
ScLiuno diir \rcliivu) T'licnnaU* del I.alxriatouo di 
BoL.im*..! (.'iittogamica 

Arcluvit) d(l l.aboialono di Bot.mica (.‘ntlogainica 
pKssola P I m\usita«li Pavia 
Meinoiis ul till' IV.ibodv Academy of Si'icnce 
Sixth Animal Pepoit of llic Tiustecs of the IVabody 
AcaiU mv of St lencc 

Public.itioiis of the I'nixtisity of lAinisYlvania 
'I'laiisat lions of tiic Natural Htslorv and Antiqiiaiian 
S*> icly of Ptii/aiice 
Pctfuimiv and lisscntial Oil Record 
'riaiisactioiis and I'locccdniKs of the IVrthsInre 
Smutv of Natural Scicmc 
IViuvi in I'atciit 

Pclitcs Noiu'lks linlomoloKKjues 

Oi .A Pcti.imaim’,s Mitthcilungcn aus Justus Pertlus’ 

(k ogiaphisclur^nstall 

Z^lt^cllrlfl fur populaic Mitllualungcn aus dem 
('.cimte*dcr Mcilicm, Chiruigie, und Phaimacie; 
in Vcibindung nut eincm Veieme von Ai*r/ten 
unci 1‘harinaccuUn dcr llcr/oglhuiner Schleswig 
und HoKlcm 
Petroleum 
Pctrokiun (rarette 
Petroleum Pevkw 

Archiv fur die gcsainmlc Idiysiologic dcs Menschen 
und iUt 'I lucre 

Phannakologic • * 

PhannakopcM -Beiicht Die vcgctalilischcn Drogen 
dcs Dcutsclieii ^Arzncibuches, .V*'. Ai/gabc,^'aes*. 

Si l.otcl/-, llallc • 

1‘harmaccmischcs Ccntral-Blatt 
Phanuaceiilische Ctntralhalle fur Deutschland 
Pharmaceutical lira 

TV Pharmaceutical Journal (and Transactions) 
Pharmazeutische Post 
Pharinareutische AVeeklflad 
Pharmazeulische Zeitung 
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Pharra. Zts. 

Pharm. Zts. Russland 
Phil. Mag. 

Phil Stud. 

Phil. Trans. 

Phila. Acad. Natur. Sci. J. 

Phila., Acad. Natur. Sci. 
Proc. 

Phila. Amer. Kntom. Soc. 
Phila. Coll. Pharm. Jouru. 
Phila. Kng. Club 
Phila. Kntom. News 


Phila. Kntom. Soc. Proc. 

Phila. Med. Mus. 

Phila. Med. Phys J. 

Phila. Phot. 

Philippine J, Sci. 

Phot. Archiv 
Phot. Bull. 

Phot. Clironik. 

Phot. J. 

Phot. Corr. (Korr) 

Phot. Mag. 

Phot. Mitth. 

Phot. Monats. 

Phot. News 
Phot. Rundsch. 

Phot. Soc. J. 

Phot. vSoc. Trans. 

Phot. Times 
Phot. Wochenbl. 

Phot. World 
Phot. Centr. 

Phot. Ztg. 

Phys. Rev. 

Physikal.-Chcm. Zentr. 
Physikal Meddel. 

Physikal. Zts. 

Physiol. Russe 
Physiol. Soc. Proc. 
Phytologist * i 
Pisa, ^nn. Scuola Norm. 

** 

Pisa, Ann. Univ. Tosc. Sci. 
Cosni. 

Pisa, Miscell. Med. Chir. 

Pisa, Nuov. Giom. 

Pisa Soc. Sci. Proc. 


Pharmazeutische Zeitschrift 
Pharmaceutische ZeitSfhrift fiir Russland 
Philosophical Magazine 
Philosophische Studien • • 

Philosophical Transactions of the Royal Society of 
London 

Journal of the Academy of Natural Sciences of Phila¬ 
delphia w. 

Proceedings of the Academy of Natural Sciences of 
Philadelphia 
See Amer. Kntom. Soc. 

Journal of the Philadelphia College of Pharmacy 
Proceedings of the Engineers' Club of Philadelphia 
Entomological News {and Proceedings of the Ento¬ 
mological Section of the Academy of Natural 
vSciences of Philadelphia) 

Proceedings of the Entomological Society of Phila¬ 
delphia 

Philadelphia Medical Museum 
The I'hiladclphia Medical and Physical Journal 
The Philadelphia Photographer 
Philippine Journal of Science 
Photographisches Archiv 
Anthony’s Photographic Bulletin 
Photographischc Chronik und allgemeine Photo- 
graphen-Zeitung 

Wilhelm Horn’s Photographischc Journal * 

Photographischc Korrespondenz * 

Photographis(-hes Magazine 
Photographischc Mitthedungen 
Photographischc Monatshefte 
Photographic News 

Photographischc Rundschau und Photographisches 
Centraflilatt 

Journal of the Photographi<; Society of London 
Trans of the Photographic *Society of London 
The I%otographic Times 
Photographisches Wochenblatt 
The Photographic World 
Photographisches Centralblatt 
Deutsche Photographen-Zeitung 
Physical Review 

Physikaliscb-chemisches Zentralblatt 
Physikalske Meddclelser 
Physikalischc Zeitschrift 
Le Physiologistc Russe 
See J. Physiol. 

The Phytologist: a popular Botanfeal Miscellany 
Annali della R. vScuola Normale Superior© di Pisa. 

Scietizc Fisiche c Matematiche 
Annali della Universita Toscana. Scienze .Cos- 
mologicbc 

Miscellanea medico-chirurgico-farmaccutiche raccolte 
in Pisa 

Nuovo Gioniale de' Lftterati 

Atti della Soci4t6 Toscana di Scienze Naturali residente 
* in Pisa 
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Pisa Soc. Tosc. Atti (Mem.) Atti della vSocicta Toscana di Science Naturali resl- 
* dente in Pisa. Memorie 

Pisa Soc. Tosc Atti (Proc. Arti della Sociota Toscana di Scienze Naturali residente 
Verb.) • • in i‘isa. Proccssi Vcrbali 

Pistoja, Atti Accad. Atti della P. Accademia Pistojese di Scienze, Lcttere, 

ed Arti; >il'inonc di Mateniatica c Insca 


PlanI World Plant V’orld, The 

Plata Mus. Analcs Anales del Musi’o de La Plata. MateriaUs para la 

llistoria lisica y mond del Continc.ntc Sud-Aiuciicano 


Plata Mus Revista Kevisl.i del Miiseo de La Plata 

Pldn Biol. Sta. Porschungs- Forschungsbcrichtc aus dor Biologischcn Station zu 


her. 

Plymouth Inst. Trans 


Pogg. Ann. 

JJogg. Ann. Bcibl. 

Poligrafo 

Polit. 

Pollichia, Jalir. 


Polsk. Tow Pr/yrod Koper* 
nika 

Poly. Centr 
Poly. Ccnlralh. 

Poly Mitlh, 

Poly. Noti/.. 

Polygraph Centr. 

Pommer. Zts 

Pop Mag. Aiithro])ol, 

Pop Sci Mon. 

Popular Sci Rev. 


Pontif Tniv. Gregor 


Port. P. 

Portland, vSoc. Nalur Hist. 
Proc. 

Porto, Ann. Soc Lit. 

Porto Soc. Tnstruc. Rev. 
Potsdam Astrophys Oba. 
I^ibl. 

Pottery Gaz. 

Pottery and Glass 
Power 

Prace Mat.-Fiz. 

Pract. Drug. 

Pract. Mag. 

I*ract. Meehan. J. 
Practitioner 
Prag, Abh. 


Plon 

Annu.il Reports and Transaclions of the Plymouth 
Institution and I)cvon and Cornwall Natural 
History Society 

PoggeiidorlT's Annalrn der Physik iind Cliemie 
I’oggeiKlorfl’s Aniialeii der Physik imd Choniic Uel- 
blatter 

11 Poligrafo. C'.iornalc di Science, Lcttere, cd Arti 
11 Politoenico 

jalireshencht der Polhcliia, cines iiatiirwi.sseiischaft- 
lichen Vcieiiis der Baierischeii IHalz (der Rhein- 
pfalz) 

»Sce Kosnios (I,wow) 

Polylechnisclies Ceiitralblatt 
PolyteclinisLlK Ciiitr.dh.iUe 
I'olyteehnisehe Mittlieihmgcn 
Polyteehinst lies Noti/blatt 
I’olygraplusches Ceiitralblatt 

Schwei/erische Zeitscliiift fur Kaliir- nnd Heilkumlc 
The: Popul.ir Magazine of Anlluopohigy 
Popular StieiKC Monlhlv 

The Poiuilar Science Review a Quarterly Miscellany 
of enleilannng and instriicti\e articles on Scientific 
subjects 

I’ontificia T'liiveifita ('.regoriana. Continna/ionc de! 
Bulkttino Mcteoiologico dell’ Gbservatorio del 
Cellegicf Romano 
Portiigtiese Patent 

Proceedings of llie Portland Society of Natural 
History 

Annaes da Sociedade Lit Portuci^se 
Revisia da i^ociedadc dc Instruccao do Porto 
Publieationen des Astiophysikalischeii Observa- 
toriunis /u Potsdam 
Pottery ('»azette 
Pottery and Glass 
Power 

Prace MatematycEiio-Fizyczne. (Matirfmatical aiHi 
Physical Papers) ♦ 

Practical Druggist and Pharmaceutical Review of 
Reviews, New York 
The Practical Magazine (London) 

T^ Practical Mechanics Journal 
The Practitioner 

Pojednani Krai. Ccske ^polecnosti Nauk. Abhandl- 
ungen der Kdnigl. Bohmischen Gesellschaft der 
Wissenschaften 
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IVaK. Ceski- \k I'V Jos. 
I‘ain 


I’lTiK, Cfske Akad. I'T jos 
J^o/pr. (Trida 2) 


I’laLT I'r Jos Acad Sci 
Jiull. 

PiMK. Jalir. lioliiii Mils 
Praic, Jidir Uta!s< litdi‘ 
I'laK, I.olos Aldi 
Prav,. MonaOcla Mas 
I’raK, Sit/lu'i 


l‘iau Slcinw Ma^ii M<- 
tiorol. lUol) 

V^^y.. Wth. 

PiaK. ^Tol Irljalirst hr 
PrissburK. Corrcsp lUatt 

I’rt'Sshurij. Wth. 

I’rc-ssc Sci 

I'rcttss lh)l Vcr Silzhci 
I’loii-s. (U'od Inst. I’ubl 
I'miss. (icod liist Vi'ioll 

Pronss T.nndrs-Oekpn -Kol- 
Icu Audiiv 
Prilnam IU'ii;akad 
Prmcfton Mus Conti. 

Piin^shcini, Jahi Wiss Hot. 
Pnnt-«Uc‘i; 

P^o^. anno Viti 
I’roc Anicn Acad * 

Prw. Aincr. Inst lilec. 

Kng 

Proc, Amor Micro Soc. 

Proc Amer. Phann. Assoc. 

Proc. Amor. Pin). Soc. 


I’onialiiik n.i oslavii oailcsaitketeho^ })ano\Tiickeho 
Jiibilca jidio Vchcc^istva Cisare a Krale Krantiska 
Josofa J. \’ydala Ceska Akademie Cisare h'rantisks 
Josofa pro Vody, vSlovcsnost a tlmcni. {Memoira 
in ccloliralion of the fifty years Jubilee of the reign 
ot H I K M. I'Vancis Joseph I. Published by 
tlie Pohcmiaii Imperial Francis Joseph Academy of 
Science, Jaloraturc'hnd Art) 

Uo/juavy Ceske Akademie Cisare Frantiska josefa 
pro Vcily, Slovesnost a I'lnciii v Piazc. (Trida II.) 
(Transactions of the Bohemian Imperial Francis 
J(>soph Academy of {science, Piteraturc and Art 
m Prague. Class II) 

Acadiiine des .Sciences do rFmperour Francois Joseph 
1 Bulletin Intoniational 

Jahrlnicher des Bohtnischen Museums fur Natiir- und 
Landtrkiiude , 

Jahrcshencht der k. k. Buhmischen Ober-Realschule zii 
Pray 

Abhandluiigen des Deutschen NaUtrwIssenschaflltch- 
Mcdicmwcheii Vereiues fur Bohmeii “kotos” 
Monalcschrift di-r Ocssellscliaft des vaterhindischcn 
Miisc'unis ui Bohnuii 

/(uavy o Zascdaiii (W-stnik) Kralovskc Coske SpoleC' 
nosli Naiik. Trida. Malliematicko-Priroduvc-dec- 
ka. {^il/ungsbei ichte der Konigl Bohmischen Gcsell- 
schaft der Wisseiischaften. Mathematisch;Natur* 
wissenschaftlichc Classe 

Maguetische und Metooiologisilie Beobachtungeii an 
<!er K K Stcniwaite 711 Biag 
Wrhaiulhnigeii der (losellscliaft des vaterlandisches 
Miisiiim^ HI Bidiinen 

VurleljaUrsclirift fnr die praktisclic lleilkunde 
Cnrrespoudcu/hlatt des Vereins fur Naturkundc zu 
Presshurg , 

Verhandhingeii des Veroins fnr Nalurkiinde 7U Piess- 
burg 

Presse .^eientifKiue des Deux Mondes 
See KonigsbcrS: Schnften 

Pubhcatioii de.s Konigl I’reuss. ('>codatisehen Instituts 
VeiolTeiiUiehutig des Koiiigl Preitssischeu (lood- 
atischeii Iiistituts 
See I.aiulw. Jbuch 

Sec Wieii. Berg- u Hntteiim. Jbuch 
Coiilnbutioiis from the (K. M.) Museum of Geology 
and Archaeology of Princeton College 
Jahrbucher fur \\bsscnschaftliche Botanik 
Brinters’ Kegister 
Progivs agricolc ct viticolc 

Proceedings of the American Academy of Ai^ Sci¬ 
ences 

Proceedings of the American Institute of Hlectrical 
Fnginec’'s 

Proceedings of the Aincrican Microscopical Society 
I’roceedings of the American Pharmaceutical Associa- 
* tiou 

Proceedings of the American Philosophical Society 
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Proc Amor. v^oc. Civil 
Kng. 

Proc. Amcr^v^oc Micio 
l‘roc Amcr. Sc^'. Tost. Mnt. 

I’joc Amor W.iUr Woiks 
*As'‘<)c. 

Proc Assoc <JlT Aj^ric 
C'honi 

Proc Au-stial lust. Min 
PTik 

Pioc Canihr Plnl Soc 
Proc Clioni S<K’ 

Proc. ling Soc Wostorn 
Poim 

Proc. Inst C.'tvil Hns 
Pr(H' Inst Modi I'jii;. 

Proc Natl Wholesale HriiK" 
Assoc 

Proc Physiol Son' 

Pi«x' Hoy ScK'. Ivhnh 
Prrx:. Rov, Soo l.omh.m 
PriK' Kov. Sue Moil 
Proo Soc h'\p Biol Mcil 

Proc r S .Naval Inst 
Pii^res Mod 

Pro^^^u'ssivo Aro 
Pio;>o'^;ation inti 


Piov Mod As'^oo 1 
Prov Mod Sui>j Assoc 
Trans • 

Ps> oho 

Psychol Mod J 
Publ Carnegie Inst 
Pnbl ind. 

Public Analysis Proc 
Public Iloallb 
Pulp Paper Mag. Can 
Pure Products 

Puy, Soc Agric Ann 

Quart. J. Chem Soc. 
Quart. J. Pent. Sci 
Qu^rt. J. exp. Physiol 
Quart. J. Gcol Soc 
Quart J. Math. 

Quart J. Micro. Sci 
Quart. J. Micro Soc 
Quart J Sci. 


Pi(X’ccdings of the .American Swicty of Cnd Ivngi- 
noers 

Pr(K'oo(rmgs\)f the .Ainoricaii Society of Micioscopists 
Pnxcodtiigs of iho Ainoncan Sooioty for Testing 
Matcna^s 

Piooocdings ol .\iiKMO.in Water Woiks Association 

Pi(H'ocdMi'.;s of tile .A^siKialioii of onici.d /\giicultni.d 
Clicmisls, Wa-shineton 

PiiX'ordmgs Ansti.dian lusiitnlc of Mining RngiiK'cis 

Piocooiiiiigs ol till' Cainl>ri<K'.o Pliihvsoplncal Socuity 
Proceedings of the ClKimcal Society (Poiidoii) 
Pi(x'oodings of tlio I'hiumi ors' Society of Western 
IVniisylvama 

Pnxeedings ol the In‘^tltlltlOll iT Civil l{nginieis 
PriKvcihngs of the Institution of Mechanical hviigineers 
Ihoccedmgs of the N.Uion.il \Vholes<de Pinggists' 
.\ssix lation 

Pioieednigs of tin' Ph\siological Sixiety 
Proceedings of tin' Royal Sixaely of hahiiburgli 
Ptixaedings of the Rov.al SrH'iety of l.oiidon 
Ptoeeedings of tin- Roval Six u tv of Mididtie 
Proceedings of the Nicntv for l'N])( innental Biology 
:iiid Medienie 

Bioeeedingv of r ^ N i\.d Inslitnle 
l.e Progri's Meilual Journal de Medeciiie, du 
Chirmgie < t de Ph.ii niaeie 
Pingnssive Agi' 

l.a Piopogatioii indnsiridle Reviic inensudle illnstie 
des invi ninms, in iihiius, appaieils el proei des V la 
I' ranei, etc 

loinn d ot the Piovnici.d Midnal Assoeialion 
'rraiisactions of the Brovineial Mi'dnal and Surgical 
Association 

Psvdic 'hj^n of the Cainbiidee I'.nlotnological 
Chib 

Journaj of Psychological Medicine 
I’ubhcations of the C.iriiegie InstiUilioii of Washington 
Publication uiduslriclle des inaehiins p.ir Arnicngaud 
ITocecdings of the Society of Pulihc .Analyst'^ 

Public Health 

Pulp and Paper Magazane of (iiinada 
Pure Products N'leiUnic Station for Pure Pioducts, 
New York 

Annrdes de la Socide d’AgrkuUure, Sciences, etc , du 
Pny ^ . f . 

Quarterly Journal of the Cheinicill Society 
Quarterly Journal of Penial Science 
Qiiarlcr’y jourifal of evperinienlal Pm’siology 
Quaitcrlv Journal of the ('colojfical Society 
The Quaiterly Journal of Puie and Applied Mathe¬ 
matics 

Quarterly Journal of Microseojiical Science 
► Quarterly Journal of the Microsco])ical Stxiiety 
The Journal of Science and the Arts Continued as the 
Quarterly Journal of Science, Literature, and Arts 
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IJST OF ABBREVrATIONS TO UTE^TURE 


Quebec, JJt. Soc. 

Trans, 

Quccnsl V. 

Queen^I. Anmi. Kcp. Brit. 
N. (Uiinoa 

Quccnsl. Katur. IBst Soc. 
Trans. 

QucensI Miis Ann 
Qiiccnsl. Roy. Soc. JYoc. 
Quckett Aficro. CJub J. 
Qucte/ct, Corrc.sp. Alafli. 
Kadium 

RaiJroad Ivng. J 


Ranuzzi, Annuario Geogr. 
Ra.ss. niincrar. 

Rauch Stan!) 

Uaycr, Archiv. 

Reclam, Kosinos 

Records Alin. 

Rccueil Math. (Aloscoti) 

Rrc. Trav. Chim. Pays- 
Bas 

Rec. Zool Suisse 


Regensburg Pot. Ges 
Regensburg Bot. Ges. 
Dciikschr 

Regensburg, Bot. Ztg. 

Regensburg, Korresp Blatt, 

Reichert, Archiv 

Rcil, Archiv 
Rcimann’s Ztg. 

Reims, Seances Acad. i 
Rend. soc. chim. ital. 

Rep. 

Rep Anal Chem. 

Rep. Anat. Physiolf 
Rep. Chim. 

Rep. Chim. pure (apj)!) 


Rep. Pat. Inv 


Rep. Math. 


Transactions of the Literary and Historical Society of 
Quebec 

Queensland*Patent ^ 

Annual Report on British New Guine^ 

Transactions of the Natural History Society of Queens¬ 
land • 

Annals of the Queensland Museum 
'i’hc Proceedings of the Royal »Socicty of Queensland 
Journal of the Quekett Micro.scopical Club 
Corrc.spondance Matliemntiqnc ct J^hysique 
Radium, be 

The Railroad and ICngineering Journal. The Amer¬ 
ican Railroad Journal and Van Nostrand’s Engi¬ 
neering Magazine have been consolidated in this 
publication 

Annuario geograpliico Ttaliano < 

Rassegiia mineraria mctallurgica e chimica 
Rauch unci Staub 
Archives de Medocine comparcc 
Kosmos Zcitschrift fur angewandte Naturwissen- 
schaften 

Records of Mining 

Recueil Mathcniati(juc. Public par la Sockiti* Mathc- 
maticiuc de Moscoii 

l^ecueil dcs 'Jravaux Chimiques des Pays-Biis (ct 
de la Belgique) \ 

Recueil Zoologiquc Suisse, coinpreuant ri{ml)ryologie, 
rAiiatoinic ct THistologic compaiccs, la Phy.siologie, 
ri'TlioIogie, la Classification dcs Animaux vivants 
ct fossiles 
See Idora 

Deukscliriften der Koniglich (Baycrischcu) Botau- 
iscliei) Ciesellsehaft zu Regensburg 
Botauischc Zeituiig. lierausg van dcr k. Baicr, Botan- 
ischcii^Cicsellscliaft zu Regcu‘>biirg 
Korresi>ondeu7-Blatt (h“s Zoologischniineralogischcn 
Verciiis in Regen.sburg 

Archiv fur Anafomie, ITiysioIogie, und wissenschaft- 
liche ATcclicin 

Archiv fur.,die Bhysiologie 

Rcimann’s Farberzeitung 

Seances et Travaux de I’Acadcmic de Reims 

Rendiconti delta socicta chimica italiana 

Repertorium, Repertoire Reperton,* 

Repertorium dcr analytischen Chemie . .Organ des 
Vcrcins Analytischer Cheniiker 
Rept‘rtoirc generale d’Analomie et dc Physiologic 
pathologiqiies ct de Clinique chirtjrgicale 
Repertoire generale dc Chimic (1901- ), G.Jaubert 
Re|)ortoire <Ic Chimie pure (et appliquec) (Societe 
Chiniiquc dc Paris. 1859-18G-1) 

The Rci)crtory of Patent Inventions and other dis¬ 
coveries a.id improvements in arts, manufactures 
and agriculture ^ 

Rcr>ertoriuni dcr litcrarlschcn Arbeiten aus dera 
('•cbiOte dcr reinen und angewandten Mathcmatik 



LIST OF ABBREVIATIONS TO LITERATURE 
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Rep. Mcteoroi. 

Rep. Pharin. 

Rep. Phys. 

Rep. Phys.-Tecn. 

Rep. Chem. Lab. Amer. 
Med. ASS. 

Rep. Council Phann. Cbera. 

Rep. H. M. Insp. Expl. 

Rep. N. Y. Bd. Pharm. 

Rev. Anthrop. 

Rev. Artill. 

Rev. Biol. Nord France 
Rev. Bot. 

Pev.^BryoI. 

Rev. chira. ind. 

Rev. Cours. Sci. 

Rev. deux Mondos 
Rev. Fntom. 

Rev. gen. ^ot. 

Rev. gen. <Siira 
Rev. gen. lait 
Rev. gen. mat. color. 

Rev. gen. sci. 

Rev. Hortic. 

Rev. hyg. i)ol. sanitaire 
Rev. Ind. 

Rev. Ind. Chim. 

Rev. Mag. Zool. 

Rev. Maritime Colon 
Rev. Med. Chir. 

Rev. Med. Franc. F.trang. 
Rev. Met. 

Rev. Mycol. 

Rev. phot. 

Rev. Quest. Sci. 

Rev. Sci. 

Rev. Sci. Natur. 

Rev. Soc. Hyg. Aliment. 

Rev. Suisse Zool. 


Rev. Untv. Mines 


9 

Repertorium fur hfctcorologic, hcratisgegclK*!! von 
der Kaiscrlichcn Akadvmie tier Wisscns^'lniftcn 
Repertorium fur die Pliannacie 
Rcpcrtoiiuin der Physik 
See Carl 

Reports of the Chemical l.alK^rntory of the Atnericau 
Medical Aswiaiion. C'hicago 
Reports of the Council of Pharmacy and Clicinisfrv, 
American Mcilical A5s<x'iation, Chicago 
Report of His Majesty’s Inspectors of l{\plosivts 
Report of tlic New York St.itc Ho.iid oi Pharmacy 
Revue d'Anthropologie 
Revue (i'Artillerie 

Revue lilologique du Nord dc la h'lance 
Rev. dc Potan!<|Uc. Pulietju mcnsui‘1 de la ScKiete 
Francaise de Potaniejue 

Revue Bryologi<|uc. Pidletin biincstriel consucre 
a riitude des Mousses ct des Hepatieptes 
Revue dc cliimic uulustiiellc ct La rcvu<? dc physirpie 
ct de cliimie 

Revue dcs Cours Scientificiucs dc la hrance (‘t de 
I’Ftranger 

Revue des deux Mondes (Paris) 

Revue d’h'ntojiiologie pitbhce par la SexieK* hruiicaise 
d'Fiitomologie 

Revue generale de Rolaniquo 

Revue generale<le chimie pure et appliquec ((>. Jatibert) 
Revue generulc du lait 

Revue generale de iiiatieics colorantcs et d<^ leiirs 
applications au\ textiles 
Revue generale fles sciences pure et appliquec 
Revue Tlorticole. Jounml d’Horticiilture pratifpje 
Revue d’bygicne cl de police sanitaire 
Revue Tndnstricllc 

ifevuc des Industries chimiques et agricoles 

Revue et Maga/in d^Zoologie, pure et ap]>lic|iiec 

Revue Maritime (et Coloiiiale) 

Revue Medico rbinirgicalc de Paris 
Revue Medicale Francaise et litraiigere 
Revue de Mctallurgic 

Revue Mycologique. Rccucil Irimcslricl illiistrc (x>ii- 
sacre a I’lUude des Champignons « 

Revue de photographic 

Revue des Questions scicntiiiqncs publice par la 
Socit*t6 Scientifique de Bruxelles 
(la) Revue Scicnlifunie (dc la France ct de I’J'.l ranger 
Revue des Cours St'icntifiques) 

Revue des vScicnces Naturelles 

Revue dc la soci(*t6 scientifique d’Hygiene alimeiitaire 
ct de I'alimentation rationclle de Thonfinc 
Revue Suis.se dc Zoologic (c‘t) Annales (de la Soci6t^ 
Zoologique Suis.se et) du Muscc d’llistoirc Naturclle 
de Geneve 

Revue t 4 piversellc des Mines, de la Metallurgie, des 
Travaux Publics, des Science ct dcs Arts Appliquec 
a rindu.strie. Aimuairc dc I’Association de.s In- 
genieurs sortis de I’Kcole de Liege 
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1.1ST or AimUKVIATIONS TO IfITERATURK 


KevAVit Kcvue. Viticulture , 

Ucv Zool. Revue, Zooiogiqiie, par la vSociete Cuvierienne 

Revista Rra/.il Revista Rraziloira, Journal dc^vScicncias, Lettras, e 

‘ Altos 

RevisUu ('him pure api' RcvistaMo cliinuea pure applicacla 
Rcvista iud agnc Tuou Revista inclustnal y agrocola dc Tncumaii 
man 

Reviita Tagmc Rovista Tagurc, giornalc <li Kclterc, Scieii/.e, etc. 

Revista Meil Cliile Revista inedica de Cliilc 

RevislaMcd Cinig Hal^aua Revista (U Mcdicina y Cirugia, ITahaiia 
Rovista Miucia Rovista Minera, pcriodico cieutilico e industrial 

Revista real aead. cicn Revista do la real academia de ciencias dc Madrid 
Madrid 

Revista 'Pelogr Revista do Telegrafos 

Rovista Turn Mioiogr Revista Tnmcstral Microgratica. Organo del Tab- 

oratorio Ilistologico de la I'‘acultad dc Medieina do 
Madrid ^ 

Itlioa Rhea, Zcitschrift fui die gesammte (irnithologie 

Rheiiusiho iClonatsselu Rliemischc Monatsschrift fur praktisclic Aerzte 
Rhonil, Westphal See Romi. 

Rhoiul W’ostphal Ctirrosp Corrospondcu/hlatt des Naturliistorisehcn Vereins 

der i'roussischeu Ulieinlaudc uud Westi)halcns 
Rhoiul Wostplud Verb Verhandlungeti des Naturhistorischon Vereins der 

Rroussischou Rheinlandc und WestphaUus 
Uhoinl. Westphal Sit/bor .Sit/.uiigsborieht des Naturhistorischon Vereins der 

Preussischen Rheinlandc und VVcstphalcns 
Rhoinpfalz I’olliohia h'est- I'estsclirift zur Funf/.igjahrigon Stiftui-gsfcicr der 

schr. Pollichia, Naturwisscn.schaftlichon Vcreiiics Her 

Rheinpfalz 

Rliempfal/. I’olliclua Jahr. Jahresbeiiclit dor Poiliehia, omes Naturwissenscliaft- 
licheii Voroins der Rhoiniihilz 

Rheinpfal/. PoUiehia Mitth MiUhcilungen dor Polbchia, pines Naturvvissensebaft- 
lichen Vereins dot Rheinpfalz 

Rhoinpfalz lielhchia Sop • .. .vSeparat-Ausgabe dor Poiliehia, des Naturwissen- 

Aiisg schaftlichon Vereine? dor Pfalz 

Rhodota iRhodora. Journal of the Now ICngland Botanical 

Club 

Riga, Alb. Natuif Voi. Arbeitcn»des Naturforschenden Vereins in Riga 
Riga, Coirosp. Blatt. Correspondeuz-Blatt dos Naturforschenden Vereins 

Naturf. Vcr. ju Riga 

Rio de Janeiro Archiv Archives da Palestra Scieiitifica do Rio dc Janeiro 
Palostr. , 

Rio dc Janeiio Mus Nae. Archivos do Museu Nacional do Rio dc Janeiro 
Archiv 

Rio de Janoiio Ithis. Nac Revista do Museu Nacional do Rio dc Janeiro.. 

Revis^i (Scguiiucnto aos Archivos do Museu Nacional) 

Rio de Jamiro Obs Annacs (Annucs do Imperial ('IbserVatorio do Rio de Janeiro) 

-vRio de Janeiro Obs, Bol. Iloletim mensal do Observatorio do Rio dc Janeiro 

Rio dl»Janeiro Obs Revista*Revista do Observatorio. Publicacao mcnsal do 
* Imperial Ol)scrvatorio do Rio de Janeiro 

Rio. Revista Revista tri mensal de Historia e Geograpliis: Journal 

do Institute Historico e Geographico Brasilciro 
Rio. Soc Veil Trabal Trabalhos da Sociedacle Vcllosiana (Bibliotheca 

Guanabarense) 

Riv. Rivista * 

Riv. Bolognese * Rivista Bolognese di Scienze e Lettere 
Uiv Gcogr Ital. Rivista Geografica Italiana (e Bollctino della Societa 

di Studi Geografici e Coloniali in Firenze) 



l.IST or^AIinKKVIATIONS 'TO MTlvKATUKl- 


Riv. Hal. Sfi. iVUur Xapoli Uivista Itahana <li Scion/e Naturali e loro Apphoa/ioni 
pubbhcata per cura <le^Ii Aspiranti Xatmalisli 
Riv Ital v^ci j^atnr Su'iia Rivista Italiaiia di Scitn/e Xatitrah o Hollc-lfiiio dol 
• Naturalista Colletlore. Allcvutoie, Collivatoo- 


Uiv. Mat. 

Riv. Mmer.tl Cii'-I 
Riv. I*atol. VcK 
Riv. Sci -Iini. 

Riv. Spcr dt Fmii.itii.i 

Riv, Vit. Hal 
Robin, J Anat 

RcK-lit'lle 

Rochester Acad. Sei I’loc 

• 

Roehestei 'i'lMns. i-'lcc. 

Med A-'soc'. 

Rock I’lotliicts 
J<olir, Xoli/( 11 
Rollett 
Roin.i 

1^0111:1. Atti Niiovi Ijjuvi 
Roma, Alt I Rcah- Accad 
Ruiiia, Corrisp Ni. 

• 

• 

Roma Jst Rot Annuali<i 
Ronial^ai) An.if Norm 
Ric. 

I'^ouM, \llo^l I.imei Mtiii 


Rivista tli MaWinatioa 
Rivista di Mineralnj^ia 0 CiisbilloKraria Hah.m.i 
Rivista di Ratolo^cia Vei-etale 

Ivuisl.i Scuiitilieo-Induslri.de delle piincip.ili Seopeite 
eti In\eii/.ioni fatte nellc Scieiize e mile Indiistne 
Rivist.i Spennieiilale di Rreniatiia 0 di Medienia 
lenale 

Rivista di Viticoltur.i e.d haiologia Hali.uia 
Joninal do rAn.ilomio et de la Rhvsiolo^;ie 1101 males 
et pathologujiies de rhomiiic ct des aiiimaiix 
See umler Cliaiento Inf 

Jhoccedinus of tJie Rochester Xew Yoik Ae.idiinyof 
S leik'e 

Tiansactioiis of the Xatioii.d l{lecti«; Medical Assdcia- 
tion at Its Third MeetiiiK, at Rochester, li. S. 

Rock I'roducts 

. Xoti/en aus d< iii ('.clnetc <ier practischui RIi.imii.u ic 
Si e ('.ra/ 

See Collar. Med Int Atti. bSPI 
.\tti dell' .Acc.idctma I’oiUilici.i de' Xno\i l.iiuci 
Atti dilla Reale Aceademia dci fam.ci 
Toirispoiidiii/.i .^cieiitilica m Roma |ht !<• a\aii/,.i 
meiito delle Seu n/f. etc 
Aiimi.irio del R. I.stitiilo Rot.inico di Rimia 
Ricciclie f.itte lul I.aboratono di ,An.donna Xoiinalc 
della R t nivi isit.i <li Roma 
Memorie dill.i I’ontilui.i Aceadum.i di 1 Xoii* 1 I,inc(-t 


Roin.i, Os' 

Mem. 

Roma, R Acc.ul I.nuei 
(Roma), Soc H.d. Mem 


foil Rom Memorie dd R dss(r\.doiio del Collc^-io Kom.mo 


Atti di lla R Acead( ima dei I,met 1 
• Memorie di Mathem.dKa e di iMsica dilla So^ut.i 
Italian.i delK vSciei^.e 

Roma, Soc. vStiuii Zool Roll Rollctino dcll.i SiK’icIa Romana pei ^li Stmli /oologi* i 
Roma, Specola \'atKaiia Rulibhca/ion^ d< lla Si»' i ola Wilieaiia 


Piibbl. 

Roma, IJiT. Centr Meterol 
Anil. 

Romer, Archiv Rot 
Roser Wunderlich, Aicliiv 

Rotterdam Nieuwe A’erli. 


Rouen, Bull. .Soc Ivinul 

Rouen, Soc. Sci Bull. 

Rouen, Trav. Acad. 

Roumanie Inst. Meteorol 
Anil. 

Roy. Engin. Papers 


Roy. Inst. J. 


Annali ddi’ rHa io Cciiliale di Meterolo^ia Itah.ina 
Arcliiv fur die Botamk 

Ardnv liir physiolonisdie Ileilkimd^ Conliimcd as 
the Au'hiv d. Ileilk 

Xieiiwe Vetliaiidelmgen ^.ln het B.daafseh (anoot- 
scliap der Rioefondervmdehjke \\ ijsbi i;< ei tc 
RotUid.im • 

Bulletins (des travauxj dc la .Socido f^ihie d’Rmiil.<- 
tioii dc Rouen ^ 

Bulletin dc la Sucictc eles Amis des Sciences Xatiudles 
dc Roneii 

Precis aiialylifiuo des Travaux de 1 ’ Aeademie des 
Sciences, Belles-Retlres, ct Arts de Rouen 
Annales dc I’lnstitiit Mefeorologiquc de Roumanie 
An*alek Institutului Meteorologio al Romaiiiei 
Pai>ers on subjects connected with the duties of the 
Corps of Royal Engineers 
Jounial of the Royal Institution of Great Britain 



xcviii 


LIST OF ABBREVIATIONS TO LVCERATURE 

• t 


Roy. Inst. Proc. 


Roy. School Naval Arcliit. 
Ann. 

Roy. Soc. Proc. 


RuKby, Natur. Hist. Soc. 
Reports 

Russ. Anna. Gcol. Mineral. 
Russ. Annuairc Mines 
Russ. Chem. Soc. J. 

Russ. Geogr. Oes. 
Dcnkschr. 

Russ. J. exp. T.andw. 

Russ. Jahr. Pharni. 

Russ. P. 

Russ. Pharm. Zts. 

Russ. Phys.-Chcni. vSoc. J. 

Rust, Mag. 

S. Africa Chem Mctall. 
Soc. 

S. Africa Chem. Mctall. 
Soc. Proc. 

S. Africa. Mus. Ann. 

S. Africa. Phil. vSoc. Trans. 

S. Austral. P. 

S. Austral. Roy. Soc. Mem. 
S. Austral. Roy. Soc. 
Trans. 

S. C. Med. Assoc. Trans. 

S. London lintom. Natur. 

Hist. Soc. Proc. 

S. Wales Inst. Civ. Rngin. 
Proc 

S. Wales Roy. Inst. Report 


vSiichs. Ingcii. Vcr. Mitlli. 
Sachs. Metiorol. Inst. Abh. 

i 

Sachs. Thiiring. Naturwiss. 

Vcr. ' 

Salem 

Sail Fernando Obs. Marina 
An. 

Sanitary Record 

Santiago Chile, Univ. 
Analcs 

Sao Paulo, Rev. Mus. 
Paulis^a 


Notices of the Proceeiings at the,Meetings of the' 
Members of the Rdyal Institution of Great Britain, 
with Abstracts of the Discourses ^^elivered at the 
Ivvening Meetings • 

The anni^l of the Royal School of Naval Architecture 
and Marine Engineering 

Abstracts of the Paj)ers printed in the Philoiophical 
Transactions of the Royal Society of London, from 
1800 to 1854 inclusive. Continued as the Proceed¬ 
ings of the Royal Society of London 
Reports of the Rugby School Natural History Society 

Russian Annual of Geology and Mineralogy 
Annuaire du Journal des Mines de Russie 
Journal of the Russian Chemical Society 
Dcnkschriften der Russischen Geographischen Gesell 
schaft zu St. Petersburg ^ 

Russiches Journal fur expcrimentelle Landwirtsenaft 
Russisches Jahrbuch der Pharraacie 
Russian Patent 

Pharmaceutische Zeitsclirift fiir Russland 
Journal of the Russian Physico-Chemical Society of 
the Imperial Univeisity of St. Petersburg 
Magazin fur die gesamintc Heilkunde, etc. 

The Journal of the Chemical and Metallurgical Society 
of South Africa 

The Proceedings of the Chemical and Mcj^allurgical 
vSociety of South Africa 
Annals of the South African Museum 
The Transactions of the South African Pliilo.sophical 
Society 

South Australian Patent 

Memoirs of the Royal Society of South Australia 
Tran sactions and Proceedings and Report of the Royal 
vSociety of South AustrfUa 

Transactions of the South Carolina Medical Asso¬ 
ciation 

(Abstract of) Proceedings of the South London Knto- 
mologicaf and Natural History Society 
Proceedings of the South Wales Institute of Civil 
Engineers 

The annual report of the Council of the Royal Insti¬ 
tution of South Wales, with Appendi.x of Original 
Papers on Scientific Subjects 
Mittheilungen des Sachsischen Ingcnieur-Vereins; 

herausg. v. d. Verwaltungsrathe des Vereins 
Abhandlungen des Konigl. Sachs. Mcteorologischen 
Institutes 

Sec Zts. Naturwiss. 

See Essex Institute 

Analcs del Institute y Observatorio de Marina de San 
Fernando 

Sanitaiy Record and Journal of Municipal Engineering, 
The • 

(Republica de Chile.) Anales de la Universidad 
Revista do Museu Paulista 
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Riv. Hal. Sfi. iVUur Xapoli Uivista Itahana <li Scion/e Naturali e loro Apphoa/ioni 
pubbhcata per cura <le^Ii Aspiranti Xatmalisli 
Riv Ital v^ci j^atnr Su'iia Rivista Italiaiia di Scitn/e Xatitrah o Hollc-lfiiio dol 
• Naturalista Colletlore. Allcvutoie, Collivatoo- 

Uiv. Mat. Rivista tli MaWinatioa 

Riv. Mmer.tl Cii'-I Rivista di Mincralnj^ia o CnsbdloKraria Hali.oia 

Riv. I*atol. Rivista di Ratolo^cia W'l^ctalo 

Riv. Sci -Iini. Ivuisl.i ScuiUilico-Iiiduslriale dcllo piiiu'ip.di Sropcite 

oti Inwii/.ioiii fatlc ncllc Svuiizv c lullv Indnslnv 
Riv. Spcr di I'Kiii.itii.i Rivista SpcnniviUalc di Rrcniatiia o di Mrdiinia 
IokmIc 

Riv, Vit. Hal Rivista di Viticoltura cd I'iuologia Hali.uia 

Robin, J Anat Journal do I’Analonuo ot de la Rhvsiolo^;io nonnalos 

ct patliologKiuos do riioiniiic ct dos aiiimaux 
Roolidle Soo un<Ior Cliaionto Inf 

Rochostor Acad. St.i I’loc J‘ioc<.i'dinus of tJio Rochoslcr X^cw Yoik Acadunyof 
^ S U'lk'o 

Rochostei Trans, i-'lcc. Tiansactioiis of the Xatioii.d l{locti«; Medical Assdcia- 
Mod A-'soc'. lion at its Third MoctiiiK, at Rochester, li. S. 

Rock I’lotiucts Rock I'roducls 

J<ohr, Xoli/( 11 . Xoti/cn aus d< iii ('.eluetc <icr practisehui I'h.ii mat jc 

Rolktt Sio ('.ra/ 

Roma Seo Collar. Mod Int Alti. ISPI 

l^oma, Atti Niiovi Ijiieei .\tti dcH' .Acc.idemia I’oiUilicia do' Xno\i l.iiuci 
Roma, All I Rcale Accad Atti tklla Rcalc At'cadcmia dci faiu.ci 

Ruiiia, (Jorrisp Ni. Toirispondiii/a .^eiciitilica m Roma |ht h- a\aii/,a 

J ineiito tlcllo ScK'H/f. etc 

Roma Jst I'.ot Anmiaiiti Aiimi.irio del R. kstitulo Hotanieo di Roma 
Romal,ai) Aiiat Norm Rieciehe f.itte lul I.aboratoiio di .Aiialotma Xoiinale 
Ric. della R 1 nivt isila <li Roma 

I'^ouia, 1 I.iiK Cl Mt 111 Momorio <k ll.i I’ontilu la Aceadt mia (U i Xoii* i I.iiit'ci 
Rom.i, Osv foil Rom Mcmoric dd K dss( r\aloiio del Colle^-io Romano 
,Mcm. 

Roma, R Aeead I.iiuoi Atti ddia R Accaik im.i dci I.inet i 
(Roma}, Soc Hal. Mem • Mcmorie di Matheimitiia e di h'lsica dilla Norida 

Italian.i ilelk vScici^.e 

Roma, Soc. vStiuii Zool Roll llolk tiiio di-lla SiK’icIa Rtmiaiia pei ^li Stmh /o<»l<init i 
Roma, vSpccola \'atKaiia Rulilihea/ioni d( 11a Si»' i ola Wilieaiia 
Piibl.l. 

Roma, IJiT. Centr Mcterol Aimali dill’ nik io Ceiiliale di Meterolo^ia Hali.uia 
Anil. 

Romer, Archiv Hot Arcliiv fur die Holamk 

Roser Wunderlich, Aicliiv Ardnv liir physiolonische Ileilkimd^ Conlimied as 
the Au'hiv d. Ileilk 

Rotterdam Nicuwe \’er!i. Xieiiwe Wthaiidelmi'en ^.ln hit H.ilaafseh (anoot- 
seliap der Hioefomk rvmddijke \\ ijsbi jp ei te 
Rottud.im • 

Rouen, Bull. .Soc Ivmul Bulletins (dcs travauxj dc la .Socido f^ihie d’Rmiil.i- 
tioii dc Rouen ^ 

Rouen, Soc. Sci Bull. Bulletin dc la Socictc dcs Amis dcs Sciences Xatiuelles 

dc Roneii 

Rouen, Trav. Acad. iTecis aiialylinuo elcs Travaux dc 1’ Academic dcs 

Sciences, Belles-Tetlres, ct Arts dc Rouen 

Roumanie Inst. Meteorol Annales dc I’lnstitut Mefeorologiquc de Rouniaiiie 
Anil. An*alck Institutului Metcorologio al Romaniei 

Roy. Engin. Papers Pai>ers on subjects connected with the duties of the 

Corps of Royal Engineers 
Tounial of the Roval Institution of dri'at Bril do 


Roy. Inst. J. 
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Sci. Aiucr. Suppl. 

Sci. Can. 

Sci. Ind. Bull. Rourc- 
Bcrtrand ImIs 
S ci. Broc. Roy. Dublin 
Soc. 

Sci. Rev. 

Sci. Trjtiis. Roy. Dublin 
Soc. . ^ 

Scieiiz. Ital. Congr. 

Sclatcr, Ibis 

Scott. Arbor. Soc. Tians. 
Scott. Geogr. Mag. 

Scott. Meteorol. Soc. J. 
Scott. Micro Soc. Proc. & 
Trans. 

Scott. Natur. 

Scott. Soc. Arts Trans. 
Sccnian, J. Bot. 

Scifenfabr. 

Seifens. Ztg. 

Seine (Dep. dc la) 

Seine, Mem. Soc. Agric. 

Seinc-et-Oisc, Mem. 

Seism. J. Japan 
Selcnka, Archiv Zool. 
Semi-Ann. Rep. Schimmcl 
&Co. 

vSenckenberg. Naturf. Ges. 
^ Abh 

Senckenlx'rg, Naturf. Gcs. 
Ber. 

Shanghai, J. 

Shanghai, J. I,it Soc. 

% 

Shoe Tea. Reporter 
Shropsli. v‘^oc. Trans. 

Sicilia, Atli Soc. Acclitn. 

* 

wkiereuLMessenger 
Siebcnlv Karpath. - Yen 
Jahr. ‘ 

Siebold, J. Geburtshitlfc 

Siebold Kolliker, Zts. 
Siebold, Lucina 

Siena, Atti Accad. 

Silbermann. Rev. Entom. 


' Scientific American ^pplement 
Scientific; Canadian 

scientific Industrial Bulletin Rpurc-Bertrand Fill 

Scientific*Proccedings of the Royal Dublin Society 

The &ientific |tevi*w and Journal of the Irfventors 
Institute 

Scientific Transactions of the Royal Dublin Society 

Nuovo Coiigresso degli Scienziati Italiuni in Venezia; 
nprzione geologica 

The Ibis, a Magazine of General Ornithology 
t ransactions of the Scottish Arboricultural Society 
The Scottish Geographical Magazine 
Journal of the Scottish Meteorological Society 
Proceedings and Transactions of the Scottish Micro¬ 
scopical Society 

A Magazine of Scottish Natural History (and Jour¬ 
nal of the Perthshire Society of Natural Science) 
Transactions of the Royal vSeoUish Society of Arts 
The Journal of Botany, British and Foreign 
vSeifenfabrikant, Der 

Seifensieder Zeitung und Revue uber die Harz, Fett 
und Oelindustric 
See (France) Soc Agr. Mem 

Memoires d’Agriciilture par la Societc Agritsole de la 
Sebie 

Memoires de la Society des Sciences Naturellcs de 
^ine ct Oise 

Scisinological Journal of Japan 
Nederlandisches Archiv fur Zoologie 
Scmi'Annual Report, Schimmd & Co , Miltitz 

Alfiiandlungen herausg.^ von der vSenckenbergiscUcii 
Naturforschenden Gc.seilschaft 
Bericht uber die Senckenbcrgisclie naturforscheiide 
Gescllschaft in Frankfurt am Main 
Journal of the North-China Branch of the Royal 
Asiatic Society 

Jourfial of the Literary and Scientific Society of 
vShanghai 

Shoe and Leather Reporter 

Transactions of the Shropshire Archaeological and 
Natural History Society 

Atti della Societa di Acclimazione e di Agricoltura in 
Sicilia 

The Sidereal Messenger 

Jahrbiich des Siebenburgischen Karpathen-VerciiH 

Journal fiir die Ceburtshiilfc, Frauenzimmer, etc., von 
Elias von Siebold 

Zeitschrifi fiir wissenschaftliche Zoologie 
Lucina; cine Zejtschrift zur VervoUkommuiig der 
Entbindungskunst 

Atti deir Accademia delle Scienze di Siena detta de’ 
Fisio-critici 
Revue Entomologique 
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Stlliman. J. * 

Singapore Koy. Asiat. Soc. 
j. • • ■ 

Sitzber. kais. Akad. W iss. 
Wien. 

• 

Sitzi) konig Akad. 
Munchcn 

vSitzbci. konig. Akad. Wiss. 
Berlin 

Sitzber. konig. prenss 
Akad. 

Skand. Arcbiv Physiol. 
Skand. Katnrf Forh. 


Skand. 

I'Orll 

Katnrf 

Mod. 

Skainl. 

Forh 

Natur 

Mot 

Skandia 



Skofitz 




Skolitz, Hot. Woclienbl. 
Skofits,^lot. Zt.s 
Smith.sonian Contrib 
Snnthsonian Inst Astro- 
phys Obs Ann 
Sinitlisonian Inst Bur. 

Ivtlinol Keport 
Snnthsonian Misc Coll. 
Snnthsonian Bcport 


Snellmg’s Phot. J. 

Soc. Bot. Ital Bull. 

Soc. Broteriana 
Soc. Ivlvet. Sci. Naturf. 
Atti 

Soc liiitom Ross Horae 

Soc. Franc. Bot. 

Soc. Franc, lintoni. 

Soc. Freniatr. Ital. 

Soc. Gcogr. Finland 
Soc. Helvet. Actes. 

.Soc. Helvet. Sci. Natiirf 
Act 

Soc. Ital. Antrop. 

Soc. Ital. Fis. 
vSoc. Ital. Micro. Boll. 
vSoc. Ital. Sci. 

Soc. Ital. Sci.* Nat. 

Soc. Ligust. Sci. Natur. 
Geogr. 

.Soc. Malacol. France 


The American Journal Eci^nco Arts 
Jonmal of tho.4^rtiits Branch of the Royal Asiatic 
Society. -Singapore.' 

Sitzungsbcricl^e dor kaiscrliclun Akademie dcr Wis- 
sciischaften, , V^ien (M^ithcmatiscli naturwissen* 
schafthchc Klasu) Aj^lcilnngcn I, ila. lib, III 
Sitzungtbcrichte (^r kdiiiglicli baycrischeii Akademie 
dcr wisscnscliaften zn Mtinchen 
Sitzungsber , dcr koniglich preus^iisclKii Akademie dcr 
Wisscnschiftetl zn Berlin 

Sitzungsljcriclite dcr koniglich preii.s-'ischcn Aka<lcmie 
dcr Wisscnschaften 

Skandinavisches Archiv bir Physiologic ’ 
h'orhandlmgar vid det af Skaiidui.iviska NaUirforskarc • 
och Lakaie haHna Mute i ('.otheborg » 

Forhandlingome ved dc Skandinaviske Xatnrforskercs 
lltc Mo(ic i Kiobenhavii fra <len ihlic til <lcn Ode 
Jnb. lS7;i 

Forhandhngar vid de Sk.iinlinaviska Naturforskarnc.s 
Tolfte Mote i Slockhohn Iran den 7 till den 14 Jnli, 
IHXO 

Skamlia Tidskrift fur Vetenskap och Konst; nlgifven 
af Svenska Littcrutur-Forenhigen 
See Osterreich. Botan Zeitschr. 

Oestcrrciclnschcs Bolanisclies Wo<’hc-nblatt 
Ocsterrcichisohe Botanische Zeitschiift 
Smithsonian Contributions to Knowledge 
Annals of the Astroplivsical Gbservatory of the 
Snnthsonian Institution 

Annual Ucpoit of the Ihireatiof (Amciican) Ivlhnology 
to the Sccictary of the Sinitlisoniun Institution 
Smithsonian Miscellaneous Collections 
Annual Report of the Board of Regents of the Smith¬ 
sonian Institution, showing the Operations, FySpendi- 
lures and Condition of the Institution 
.Sndling’s Idiotograimischcs Journal 
.Sec Knovo Gioin. Bot. Ital. 

See CoiinbrS, Soc. Broter. Biol. 

See Schweiz. Katurf. Gcs. Verb. 

Horae Socictalis lintoinologicae Rossicae variis ser- 
monibns in Kossia usitatis editae* 

See Rev. Bot. 

See Rev. Ivnt. 

See Riv. Sper. di Frcniatria 

See Fcnnia • 

Actes de la .Society Hclvctique des Scicftccs Naturelles 
See Schweiz. Natf. Ges. Verb ‘ 

See Arch. AntrojKjlogia 

See Nnovo Cimeiito 

Sec Acircale, Soc. Ital. Micr. Boll. 

See fRomab Sog. ItaL Mem. 

Milano, Soc. Ital. 

See Genova, .Soc.^igust. Aj:ti 

See Ann. Malacol. 
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Soc. Matacol. Itai. Bull. 
Soc. Meteorol. Ital. 

Soc. Mex. Hist. Natur. 
Soc. Napoli 

Soc. Nat. Sicil. 

Soc. Pharni. Anvers 
Soc. Public Analysts 
Soc. Speleol. 

Soc'. Telegr.-Kngin. Ivlcct. 
Soc. Tosc. Sci. Nat. 

Soc. Ven.-Trent. Sci. Nat. 
Soc. Zool. Suisse Ann. 

Soc. Zool. Tokyo 
Somerset. Archaeol. Soc. 
Proc. 

Somerset. Sov. Proc. 

Somme (Dep. dc la) 
Southern Pharin. J. 

Span. P. 

Spatula 

Spclunca Paris 
Sperimeiitale 
Spettatore Vesnvio 
Spettrosc. Ital. Mem. 
Spongia, Comm Med. 
Sprechsaal 
Spregncl, Jahr. 

Sprengst Waffen Man. 

St. Andrew’s Med. Grad. 
Assoc. Trans. 

St. Barthol. Hosp. Peports 
vSt. Hticnnc, Bull. Soc. Ind. 
Mineral 

St. Gallcii, Ber. Natur- 
wiss. Ges. 

St. Louis, Bot. Gard. Re¬ 
port 

St. Louis, Trans. Acad. vSei 

St. Petersb. /cad. Sci 
Bull. 

St. Petersb. Acad. Sci. 
Compt. rend. 

St. Petersb. Acad. Sci. 
Mem. 

Petersb. Acad. Sci. 
Nova Acta. 

St Petersb. *Acad. Sci. 
Rccucil 

St. Petersb. Ann Mines 
Russ. 

St. Petersb. Archiv. Sci. 
Biol. 

St. Petersb, Congr Bot. 
Bull. 


See Bull. Malacol. ItaL 
See MoncalicritDss. Boll. 

See Naturaleza 

Societa reale di Napoli. Rendiconto delP Academia 
delle S<fienze dsiche e mathematicbe 
See Nat. Sicil. 

See J. de Pharjp. 

See Analyst 
See Spelunca, Paris 
See Telegr. ^g. J. 

See Pisa Soc. .Tosc. 

See Padov^'Soc. Sci. 

See Rev. Suisse: Zool. 

See Annot. Zool. Jap. 

Proceedings of the Somersetshire Archaeological and 
Natural History Society 

Somersetshire Archaeological and Natural His'iory 
Society’s Proceedings 
See under Amiens 
Southern Pharmaceutical Journal 
Spanish Patent 
Saptula (The), Boston 

vSpelimca. Bulletin de la Soci6t4 dc Spclcologie 
Lo Sperimentale. Giornale Italiano di Scienze Mcidche 
Lo Spettatore del Vesuvio c de’ Campi Flcgrei 
Memorie della Societa degli Spettroscopisti Italian) 
Commentarii di Medicina ^ 

Sprechsaal 

Jahrbiicher der Gewachskunde 
SprengstofTe, Waffen und Munition 
Transactions of the St. Andrew’s Medical Graduates 
Association 

vSti Bartholomew’s Hosjntal Reports 
Bulletin dc la Socictc de riiidustrie Minerale 

Befichte itl^er die Thatigkeit dor St. OalHschen Natur- 
wissenschaftlichen Gcsellschaft 
Missouri Botanical Garden Report 

The Transaclion.s of the Academy of Science of St. 

• Louis 

Bulletin scientifique public par I’Acadcmie Imperiale 
cles vSciences de St. Petersbourg 
Compte Rendu de I’Academic Imperiale des Sciences 
dc St Petersbourg 

Memoircs de 1’Academic Imperiale des Sciences de St. 
Petersbourg . 

Nova Acta Academiae Scientiarum Imperialis Petro- 
‘politanae 

Rccucil des Actes des Seances Publiques de I’Academie 
Imperiale des Sciences de St. Petersbourg 
Annuaire du Journal des Mines de Russie 

Archives des Scien/ses Biologiques publiees par I’lnsti- 
tut Imperial ae Mcdecine Experimentale a St. 
Petersbourg 

Bulletin du Congres International de Botanique et 
d’Horticulture de St. Petersbourg le 6/18» le 8/20 
et le >0/22 Mai 1869 
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. St.* Petersb.. Inst. Med. 

fexper. * 

‘ €t. Petersb. Med. Zts. 

St. Petersb. Med? 'Biochen- 
; - schr. 

St. Petersb. Mem. Savants 
Etra^^g. 

St. Petersb. Mineral. Ges. 
Verb. 

St. Petersb., Russe Gcogr. 

Mem. (Geogr.) 

St. Petersb, Russ. Geogr. 
Soc. Bull. 

St. Petersb. Schr. Mineral. 


St. Petersb. Verb. Mineral. 
G*s. 

St. Petersb. Verm. Abb. 


St. Quentin, Ann. 




St. Quentin, Mem. 

St. Quentin, Seances Publ. 

St. Quentin, Travaux 

St. Thomas’s Hosp. Reports 
Stahl Eisen (Zts.) 

Stavanger Mus. Aarsber. 
Star. sper. agrar. ital. 
Steiermark. Geog. Mont. 
Ver. Ber. 

Steiermark Mitth. 

Steiermark. Mont. Lehr- 
anst. Jahr. 

Stein, Ann. 

Stettin, Entom. Ztg. 

Steyermark. Zts. 

Stirling Field Club Trans 
StirUng Soc. Trans. 

Stockholm, Akad. Hand], 

Stockholm, Bihang Akad. 
Handl. 

StockhofaaBot. Sallsk. 


See St. Petersb. Arch. Sci. Biol. 

St. Petersburger Medicinischc Zeitsebrift 
St. Petersburger Medicinische B'ochenschrift 

Memoires pre^ntes a 1’ Academie Imperiale des 
Sciences dc St. Petersbourg J)ar divers Savants 
\’erhandlungen der Russisch-Kaiscriichen Mineralog- 
ischen Gesellscha/t zu St. Petersbourg 
Memoirs de la Soci^t6 Imperiale Russe de Geographie 
Section de Geographic generate 
Bulletins of the Imperial Russian Geographical So¬ 
ciety 

Schriften der in St. Petersburg gestifteten Kaiscriich- 
Russischen Gesellschaft fiir die gesammte Minera- 
logie 

Verhandlungcn der Kaiserlich-Russischen Mineralog- 
ischen Gesellschaft zu St. Petersburg 
Vermischte Abhandlungen aus dem Gebiete der 
Heilkundc von eincr Gesellschaft pract. Acrzte zu 
St. Petersburg. Additional title in 1835, Medizin- 
isch-praktisebe Abbandlung von Deutschen in Russ- 
land lebenden Aerzten. Continued as the Neiie 
Abhandlung St. Petersburg 

Annales Agricoles du department dc I'Aisne, publiecs 
par la Sociiti des Sciences, Arts, Belles-Lettres, 
et Agriculture dc St. Quentin. Annales Scientihques, 
Agricoles, et Industriclles du departement de I'Aisne 
(^iiti Academique de Saint Quentin) 

Memoires de la SociitS des Sciences, Arts, Belles- 
Lettres, et Agriculture de la ville de St. Quentin 
Sociiti des Sciences, Arts, Belles-Lettres, et Agricul¬ 
ture de la ville dc St. Quentin: Seances publiques. 
Soci^t6 Academique des Sciences, Arts, Belles-Lettres, 
et Agriculture dc St. Quentin (Aisne) 

'St. Thomas’s Hospital Reports 
Stahl und Eisen, Zeillchrift fur das deutschc Eisen- 
htittenwesen 

Stavanger Museums Aarsberetning 
Stazioni sperimentali agraria italiana, La 
Bcricht des Gcognostisch-montanistischen Vcrcins fiir 
Steiermark 

Mittheilungen des Naturwissenschattlichen Vcrelncs 
fiir Steiermark 

Die Steiermarkisch stiindische montanistische I,ehran- 
stalt zu Vordemberg 

Annalen der Geburtshulfc iiberhaupt und der Ent- 
bindungsanstalt zu Marburg insbesondcre 
Entomologische Zeitung; herausg. v. d. Entom" 
logischen Vereine zik Stettin »* 

Steyermarkische Zeitschrift • 

Stirling Field Club... .Transactions 
Stirling Natural History and Archaeological Society. 
Transactions 

Kongl^a Svenska Vetenskaps Akademiens Hand- 
lingar 

Bihang till Kongl. SvenskS Vetenskaps Akademiens 
Handlingar 
See Bot. Centrbl. 
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list of abbreviations to literature 


Stockholm Eiitom. Fdr. 
Stockholm, Horti Hergiani 
Acta 

Stockholm, Qfversigt 

Stockholm Physiol. I.*ab. 
Mitth. 

Stockholm, Svenska Lak. 
Sallsk Handl. 

Stockholm, Vet. Akad. 

Lcfnadstcckn. 

Stockholm, Ymer 

Strasbourg Soc. Hist. 

Natur. Mem. 

Strasbourg Soc. Sci. Bull. 

Strasbourg Soc. Sci. J. 

Strasbourg Soc. Sci. Mem. 

Stray Feathers 

Strieker 
Sts. Settl. I>. 

Student 

Sturgeon, Ann. 1‘lect. 
Sturgeon, Ann. Phil. 

Sner. 

Suer. Beige 
Suer. ind. colon. 

Suddeut. Apoth, Ztg. 

Suisse Soc. Zool. Ann. 
Surveyor 

Sussex Natur. Hist. Soc. 

Proc. 

Svea 

Svensk farm. Tidskr. 
Svensk Kem. Tidskr. 
Svenska Lak. Sallsk. 
Forh. 

Svenska Mosskulturfdr. 
Svenska SalHK. Antrop. & 
^-eOcogr., 

Swart, Veth. 

Swed. P. 

Swiss P. 

Sydney 

Sydney Aust. Mus. Mem. 
Sydney, Austral. Mus 
Records 

Symons, Meteorol. Mag. 
Tablettes Zool. 


See Ent. Tidskr. , 

Acta Horti Bcrgiani. Meddelanden fran Kongl. 
Svenska Vetenskaps-Akademiens "Jradgard Bergie- 
lund utgifna af Bergianska Stifttlser 
Ofversigt^f Kongl. Vetenskaps Akademiens Forhand- 
lingar 

Mittheilungen vom Physiolopschen I,aboratoriiim des 
Carolinischen Medico-Chirurgischen Instituts in 
Stockholm 

Handlingar ved Svenska Lakare-Sallskapet 

I.,efnadsteckningar ofver Kongl. Svenska Vetenskaps- 
Akademiens efter ar 1854 aflidna Ledamoter 
Ymer. Tidskrift utgifvcn af Svenska Siillskapet for 
Antropologi och Geografi 

Memoircs de la Soci4t6 du Museum d’Histoire Natur- 
elle de Strasbourg ' 

Bulletin de la Soci^t4 des Sciences Naturelles de 
Strasbourg 

Journal de la Societ6 des Sciences, Agriculture, et 
Arts, du departement du Bas-Rhin 
Memoircs de la Societe des Sciences, Agriculture, et 
Arts, de Strasbourg 

Stray feathers. A journal of Ornithology for India 
and its dependencies 
See Medizin. Jahr. 

Straits Settlement Patent t 

The Student and Intellectual Observer of Science, 
Literature, and Art 

Annals of Jilectricity, Magnetism, and Chemistry, 
and puardian of Experimental Science 
Annals of Philosophical Discovery and Monthly 
Reporter of the Progress of Practical Science 
La sucreric indigene 
Sucrerie Beige, I,a 
Sucreric indigene et colonaile, Igi 
Suddeutsche Apotheker Zeitung 
See Rev. Suisse Zool. 

Surveyor add Municipal and County Engineer, The 
&e Brighton Nat Hist. Soc. Proc. 

Svea. Tijdskrift for Vetenskap och Konst 
Svensk farmaceutisk Tidskrift, Stockholm 
Svensk Kemisk Tidskrift 

Forhandlingar ved Svenska Lakare-Siillskapets Sam- 
mankomster 

Svenska Mosskulturfdreningens 
See Stockh., Ymer 

Verhandelingen en Berigtcn betrekkelijk het Zeewezen 
en de Zeewaartkunde 
Swedish Patent 
Swiss Patent 
See New South Wales 

The Australian Museum, Sydney. Memoirs 
Records of the Australian Museum 

Symon’s monthly Meteorological Magazine 
Tablettes Zoologiques 
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Tagbl. Frankf. Iijaturf. 
Taprobanian 


Tasmania J. Natur. 5>ci 
TasmAiia P. 

Tasmania, Roy. Soc. 

Monthly Not. 

Tasmania, Roy. Soc. Re¬ 
ports 

Taylor, Sci. Mem. 


Tech. Blatter 

Te^. Chem. Jahr. 
Teai. Gemeindebl. 
Technikiim 
Tcchnol. 

Technol Quart. 

Tcign Field Club Proc. 

Tekii. Tidskr. 

Telegr. Ivng. J. 

Tclcgr. J. 

Tclcgr. \ er. Zts. 

Temniinck, Verb. 


Tcrmr. Fuz. 


Termt. KozlOn. 


Terrestrial Magn. 

Texas Acad. Sci. Trans. 
Text. Amer. 

Text. Col. 

Text. Fiirb. Ztg. 

Text. Mfr. 

Text. Rec. 

Text. World Rec. 

Text. Ztg. 

Textilfreund 
Teyler's Verb. 


Therap. Gaz. 
Therap. Monats. 
Therap Neuheit 
Therapist 


Tageblatt Frankfurter Naturforscher 
The Taprobanian, a Dravidian Journal of Oriental 
Studies in and around Ceylon, in Natural History, 
Archaeology, Philology, History 
The Tasmaiiiiifi Journal of Natural Science, Agricul¬ 
ture, Statistics, etc. , 

Tasmanian Patent 

Monthly Notices of Papers and Proceedings of the 
Royal Society of Tasmania 
Reports of the Royal vSociety of Tasmania 

Scientific Memoirs, selected from the Transactions of 
Foreign Academies and Learned Societies and from 
Foreign Journals 

Technische Blatter. Vicrteljahrschrift des Dciitschen 
Polytechnischen \'crcins in Bohnien 
Technisch-Chemischcs Jahrbucli (Bicdermann) 
Technisches Geincindeblatt 
Tcchnikum des I.cdcniiarkts 
Lc Technologisle (F. Malepeyre) 

Technology Quorterly 

Reports of the Proceeiiings of the Teign Naturalists’ 
Field Club 
Teknisk Tidskrift 

Journal of the Society of Telegraph-lvngincers and 
lilectricians 

The Telegraphic Journal and Electrical Review 
Zeitschrift des Deutsch ostcrrcicliischen Tclegraplien- 
Vereins 

Verhandclingen over de natuurlijkc Gescluedenis der 
Nedcrlanclsche overzeesche bezittingen, door de 
leden der Natuurkundige Commissio in Cost-Indie 
en andcre schrijvcrs 

Tcrmeszetrajzi Fuzetek. ..Kiadja a Magyar Ncmztiti 
, Muzeum. (Natural History Magazine.. .published 
by the Hungarian Rational Museum) 
Termeszettudomanyi Kozlbny.. .Kiadja a K. M. 
Termeszettudomanyi Tarsulat. (Natural Science 
Papers.. .lAiblished by the Royal Hungarian 
Natural Science Society) 

Terrestrial Magnetism (and Atmospheric Electricity). 

An International Quarterly Journal 
Transactions of the Texas Academy df Science 
Textile American 
The Textile Colorist 
Textil und Farbcrci-Zeitung 
The Textile Manufacturer 
The Textile Record 
Textile World Record 
Textil Zeitung * 

Der Textilfreund 

Geologische Verhandel af Antwoord af de in 1828 
uitgeschrevene cn in 1830 herhaalde Prysvraag: 
Wat men van (ieologie, etc. 

The Therapeutic Gazette 
Tberapeutische Monatsbeft^ 

Therapeutischen Neuheiten, Leipzig 
Therapist (The) London 
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Thomson, Ann. Phil. 

Tliomson, Archiv. Iintom. 
Thomsflta, Rec. 

Thonind. Ztg. 

Throndhjem, .Skrifter 

Tidskr. Kcmi. Farm. 
Terapi 

Tidskr. Mat. ' 

Tidskr. Mat. h'ys. 

Tidskr. Phys. Chem. 

Ticdemann, Zts. 

Tijdschr. Iintom. 

Tijschr. Gcnootsch. Vis. 
Unita 

Tijdschr. Ing. 

Tijdschr. nijv. 

Tijdstroom. 

Tilcsius, Jahr. 

Timehri 

Tirol, Bcr. Ver. Durchf. 


Tischl. Ztg. 

Tokio Univ. Mem. 

Tokyo Bot. Soc. 

Tokyo, Coll. &i. J. 

Tokyo Geogr. .Soc. J. 
Tonind. Ztg. 

Topfer Ztg. 

Torino, Accad. Sci. Atti 
Torino, Accad. .Sci. Mem. 
Torino, Ann. Clin. 

Torino, Lavori .Sci. Pis. 
Mat. 

Torino Mus. Boll. 

'Torrey ^ot. Club Bull. 
Torr^ Bbt. Club Mem. 
Tortolini, Ann. 

Toulouse Acad. Sci. Bull. 

Toulouse, Acad. Sci. Mem. 

Totdouse PiC. Sci. Ann. 

-J 

TwlQiae Obi. Ann. ' 

"4 ' - 


Annals of Philosophy, or Magazine of Chemistry, < 
Mineralogy, Mechanics^ and the Arts 
Archives Hntomologiques 
Records of General Sdence e * 
Thonindustrie-Zeitung 

Dcr Kongelige Norske Videnskabers-Selskabs Skrifter 
i det 19 de Aarhundrede « 

Tidskrfit for Kemi Farrilaci Terapi 

Tidsskrift for Matematik 

Tidskrift for Matematik och Fysik, tillegnad den 
Svenska Elementar-Undervisningen 
Tidskrift for Physik og Chemi samt disse Videnskabers 
Anvcndelse 

Zeitschrift fur Physiologic 

Tijdschrift voor Entoraologie; uitgegeven door de 
Nederlandsche Entomologische Vereeniging 
Tijdschrift voor Genccs-, Heel-, Verlos-, en SChei- 
kundige Wetenschappen, van Wege et Genootschap: 
“Vis Unita Fortior,” te Hoorn. 

Tijdschrift van het Koninklijk Instituut van Ingenieurs 
Tijdschrift ter befordering van nijverhed 
De Tijdstroom; Maandschrift gewijd van Wetcnschap, 
etc. 

Jahrbuch der Naturgeschichte zur Anzeige und 
Priifung 

Timehri being the Journal of the Royal Agricultural 
and Commercial Society of British Guiana 
Bericht uber die General-Versammlung des Vereins 
zur geogr. montan. Durchforschung* des Landes 
Tirol, etc. 

Deutsche Tischlerzeitung 

Memoirs o£ the Science Department, University of 
Tokio, Japan 
See Bot. Mag., Tokyo ^ 

Tte Journal of the Coll^ of Science, Imperial Uni¬ 
versity, Japan 

Journal of the Tokio Geographical Society 

Tonindustrle Zeitung 

Deutsche Tdpfcr und Ziegler Zeitung 

Atti della R. Accademia delle Scienze di Torino 

Memoire dMla R. Accademia delle Scienze di Torino 

Annali Clinici 

Notizia storica dei lavori fatti dalla Classc di Scienze 
Fisiche e Mathematiche della R. Accademia delle 
Scienze negli anni 1864r-65 

Bollettino dei Musei di Zoologia ed Anatomia com- 
parata della R. Universita di Torftio 
Bulletin of the Torrey Botanical Club 
Memoirs of the Torrey Botanical Club 
Annali di Scienze, Materaatiche, e Fisiche 
Bulletin de I’Academie des Sciences, Inscriptions et 
Belles-Lettres de Toulouse 

^Memoires de 1*Academic des Sciences, Inscriptions et 
Belles-Lettres dr Toulouse 

Annales de la Faculte des Sciences de Toulouse, pour 
les Sciences Mathematiques et les Sciences Physiques 
Annales de TObservatoire Astronomique, Magnetique 
et MeUwologique de Toulouse. 
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’ Toulouse Soi. Hist Natur. Bulletin dc la SocKt6 d'Histoirc Naturelle de Toulouse 
Bull., 

Toulouse Soc. S<j. Bull. Bulletin dc la <iocifti des Sciences Physiques et 
• Naturelles dc Toulouse 

Trans. Acad. Sci St. Louis Transactions ofathc .Academy of Sciences of St. Louis 
Trans. Amer. Ceram. Soc. Transactions of the Ainerieair Ceramic Society 
Trans.'Amer. Electrochem. Transactions of the American Electrochemical Society 
Soc. 

Trans. Amer. Inst. Chem. Transactions of the American Institute of Chemical 
Eng. Engineers 

Trans. Amer. Inst. Transactions of the American Institute of Homoe- 
Homoeop. opathy, Philadelphia 

Trans. Amer. Inst. Min. Transactions of the American Institute of Mining 
Eng Engineers 

Trans. .Amer. Med. Assoc. Transactions of the Section on Pharmacology and 
Sec. Pharm. Therap.' Therapeutics of the .American Medical AsseK-iation 
Tr^s. Amer. Micro. Soc. Transactions of the American Microscopical vSocicty 
Trans. Amer. Soc. Civ. Transsictions of the American Society of Civil lingi* 
h'ng neers 

Trans Cambr. Phil. Soc. Transactions of the Cambridge Philosophical Society 
Trans. Can. Inst. Transactions of the Canadian Institute 

Trans. Kngl. Ceram Soc. Transactions of the Itnglish Ceramic Society 

Trans. Faraday vSoc. Transactions of the I'araday Society 

Trans. Gcol. Sw. S. Africa Transactions of the Geological Society of South Africa 
Trans. Ilium. Kng. vSoc. Transactions of the Illuminating lingineermg Society 

Trans. Inst. Brew. Transactions of the Institute of Brewing 

Trans. Jinner Inst. Prev. Transactions of the Jenner Institute of Preventive 
Med. Medicine 

Trans. Kansas Acad. Sci. Transactions of the Kansas Academy of Science 
Trans. Med. Transactions Mcdicales; Joimial de Medeciiie pratique 

Trans. Min. Gcol. Inst. Transactions of tlie Mining and Geological Institute 
India of India 

Trans. Natl l{clcc. Med. Transactions National Kcicctic Medical Association 
Assoc. Indianapolis 

Trans, Nova .Scotia Inst. .Transactions of the Nova Scotia Institute of Science 
Sci. ^ 

Iraiisv. P. Transvaal Patent 

Trans. Path. .Soc. Transactions of the Pathological vSocicty 

Trans. Roy. Irish Acad. Transactions V the Royal Irish Academy 

Trans. Roy. Soc. Can. Transactions of the Royal Society of Canada 

Trans. Roy. Soc. Udinb. Transactions of the Royal Society of Kdinburgh 

Trans. Roy. Soc. London Transactions of the Royal .Society of Lond<'n 

Trams. Soc. Engin .Society of Engineers, Transactions • 

Trav. Com. Hyg. Publ. Reateil des Travaux dn Coinite consultatif d’Hygiene 
Piiblique dc France ct des Actes OfTicicIs dc TAd* 
ministration Sanitaire " 

Trenton Natur. Hist. Soc. Journal of the Trenton, New Jersey, Natural History 
J* . Society • 

Treviso, Mem. Ataieo Memorie Scientifichc e Litteraric dell’ AteMO ui *■ 
. Treviso ♦ • 

Trier, Jahr. Jahresbericht dcr Gcsellschaft fiir nutzliche Forsch- 

_ , ungen zu Trier 

Triest Zool. Sto. Arb. See Wien. Zool. Inst. Arb. 

Trieste, Boll. Bollettino della Societa Adriatica di Scienze Natural! 

in 'irieste 

Trieste Mus. Civ. Atti Atti del Museo Civico di Stpria Naturalo-dl TrieftC- 
Trieste, Program. Civ. Programma della Civica Soiola Rcale 

Scuoia Trieste 
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Trinidad Field Natur. 

Chib J. 

Trinidad P. 

Trinidad, Proc. Sci. Assoc. 
Trinidad, Sd. Assoc. Proc. 
Trommsdorn, J. Pharm. 

Tromso. Mus. Aarsh. 
Tropcnpflanzer 
Tsch. MineraL Mitth. 
Tuberculosis 


Tiibinger Blatter 

Tubingen Bot. Inst. Un* 
tors. 

Tunis P. 

Turin, Mem. Acad. 

Tyneside Natur. Field Club 
Trans. 

U. K. Mar. Biol. Assoc, J. 

U. S. Bur. Anim. Ind. Bull. 

U. S. Bur. Anim. Ind. R( ■ 
port 

U. S. Chief Signal Oh. Ann, 
Report 

U. S. Coast Geod. Surv. 
Bull, 

U. S. Comm. Agric. Report 

U. S. Dept. Agric. Bull. 

U. S. Dept. Agric. Report 

U. S. Dept. Agric. Yearb. 


U. S. Disp. 

U. S. I)iv. Biol. Surv. Bull. 

U. S. Div. Chem. Bull. 

V. S. Div. Hntom. Bull. 

U. S. Div, Entom. Insect 
Life 

U. vS. Div. Kntom. Tech. 
Ser. 

U. S. Div. Onrith. Mamm. 
-Bull. 

U. S. Div>Soils Bull. 

U. S. Entom. Comm. Bull. 

U. S. Entom. Comm. Re¬ 
port 

XT. S. Fish Comm. Bull. ’ 
U. S. Fish Coram. Report 


( 

Journal of the Trinidad Field Nauralists! Club 
Trinidad Patent 

Proceedings of the Scientific Associitibn of Trinidad 
Proceedines of the Scientific Association of Trinidad 
Journal oer Pharmacic fiir Aerzte und Apotheker, 
und Chemiker ^ 

Tromso Museums Aarsh«fter 
Tropcnpflanzer (Der), Berlin 
Tschermak’s Mineralogische Mitteilungen 
Tuberculosis. The Journal of the National Associa¬ 
tion for the Prevention of Consumption and other 
forms of Tuberculosis 

Tubinger Blatter fiir Naturwissenschaften und Arznei- 
kunde 

Unterstichungen aus dem Botanischen Jnstitut zu 
Tubingen 

Tunis Patent ^ 

Memoires de I'Academie Royale des Sciences de Turin 
Transactions of the Tyneside Naturalist’s Field Club 

Journal of the Marine Biological Association of the 
United Kingdom 

U. S. Department of Agriculture. Bureau of Animal 
Industry 

Annual Report of the Bureau of Animal Industry 

Annual Report of the Chief Signal Office/ (of the 
Army) to the Secretary of War 
United States Coast and Geodetic Survey'. Bulletin 

Report of the Commissioner of Agriculture 
Bulletins of ^hc Department of Agriculture, U. S. 
Rei)orts of the Department of Agriailtiire, U. S 
Yearbook of the United States Department of Agii- 
culture ‘ 

United States Dispensatory 

U. S. Department of Agriculture. Division of Bio* 
logical Sunvey. Bulletin 

U. S. Department of Agriculture. Division of Chemis¬ 
try. Bulletin 

U. S. Department of Agriculture.' Division of Ento¬ 
mology 

U. S. Department of Agriculture. Division of Ento¬ 
mology. (Periodical Bulletin.) Insect Life 
U. S. Department of Agriculture. Division of Ento¬ 
mology. Technical Scries 

U. S. Department of Agriculture. Division of Eco¬ 
nomic Ornithology and Mammalogy, Bulletin 
U.*S. Department of Agriculture. Division of (Agri¬ 
cultural) Soils. Bulletin 

Department of the Interior.. .Bulletin of the United 
States Entomological Commission 
(U. S.) Department of the Interior (Agriculture)... 
Report of the IJnited States Entomological Com¬ 
mission 

Bulletin of the United States Fish Commission 
United States Commission of Fish and Fisheries. 
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• U. S. Geol. Surv. 

U. S. Monthly Wfeath. Rev. 
U. S. Mus. BuU. 

• • 

U. S. Mus. Proc. 


U. S. 4fus. Report 
U. S. Mus. Spec. Bull. 

U. S. Naval Inst. Proc. 

U. S. Naval Med. Bull. 

U. S. Naval Obs. Publ. 

U. S. N. Amer. Fauna 

U. S. P. 

U. S. Ph. 

U. S. Secty. Agric. Report 
U.€. Signal Serv. Notes 

U. S. Signal Seiv. Pap. 

U. S. Surv. Terr. Reports 

U. S. Weath. Bur. Bull. 

U. S. Weath. Bur. Report 

U. Serv. ^nst. J. 

Udine, Relazioni 
Uhland’s Tech. Rund. 
Umschati 

Ung. Naturwiss. Ver. Jahr. 


Untv. Ill. Bull. 

Unters. Naturlchre 

Upsala, Arsskrift 

Upsala Bot. For. 

Upsala, Diss. Acad. 

Upsala, Frey Tidskr. 
Up.sala Lakarefdr. I'drh. 
Upsala Naturvet. Student- 
s^lsk. 

Upsala, Soc. Sci. Nova 
Acta 
Urug. P. 

Utrecht, Aanteek. Prov. 
Genoots. 

Utrecht, Ann. Acad. 
Utrecht, Kliniek 

Utrecht, Nieuwe Verb. 
Prov. Genootsch. 


• 

United States Geological Survey 
(United States) Monthly Weather Review 
Department of yic Interior.. .Bulletin of the United 
States National Museum , 

Department of the Interior.. .Proceedings of the 
United StatA National Museum 
See Smithsonian Rep. • 

Smithsonian Institution. United Stg^i National 
Museum. Special Bulletin 
United States Naval Institute Proceedingi 
United States Naval Medical Bulletin 
Publications of the United Stat^ Naval Ol»ervatory 
U. S. Department of Agriculture. Division of Orni¬ 
thology and Mammalogy. North American Fauna 
United Slates Patent 
United States Pharmacopoeia 
Report of the secretary of agriculture 
United States of America; War Department. Signal 
Service Notes 

United States of America, War Departnicnt. Pro¬ 
fessional Papers of the Signal Service 
...Annual Report of the United States Geological 
(and Geographical) Survey of the Territories 
U. S. Department of Agriculture. Weather Bureau. 
Bulletin 

U. S. Department of Agriculture Weather Bureau. 

Report of the Chief of the Weather Bureau 
Journal of the royal United Service Institution, 
Whitehall Yard 

Relazioni intomoagli Atti dell’ Accadcniia di Udine 
Uhland’s Teclniischc Rundsoliau 
Umschau, Die 

Abhandlungen aus ocm dritten Bande dcr Jahrbiichcr 
des Ungarischen naturwisscnschafllichcn Vereiiis 
zu Pest, in Dcutschcr Uebersetzung Red. von J. 

• Szabo 

University of Illinois^ulletin 

Untersuchiingen zur Naturlchre dcs Menschen und 
dcr Thierc* 

Universitets Arsskrift utgifven af Kongl. Vetenskaps- 
Societeten i Upsala 
See Bot. Notiser 

Dissertationcs Academiaie Upsaliacghabitac 
Frey Tidsknft for Velcnskap och Konst 
Upsala Lakareforenings Forhandlingar 
Bot. Centrbl. 

Nova Acta Rcgiae Socictatis Scientiangn UpsaliensU 

Uruguay Patent * ♦ 

Aanteckeningen van het Verhandelde in de Sectie- 
Vergaderingen van het Provinciaal Utrcchtsch 
Genootschap van Kunsten en Wetenschappen 
Annales Academiae Rheno-Trajectinac 
Kliniek: Tijdschrift voor Wetenschappenlijke Genees- 
kuiftle 

Nieuwe Verhandeltngen vaif bet Provinciaal Utrechsch 
Genootschap van Kunsten en Wetenschappen 
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Utrecht, Onderzoek. 

Utrecht, vSeheik. Onder- 
zock. 

Utrecht, Verh. Prov. 

Ocnootsch. ^ 

V^alais Soc Muritij. 
Valencia, Act. Med. 
Valenciennes, Mem. vSoc. 
Agric. 

Valentin, Rep. 

Van Diemen’s Land, Roy. 
Soc. Papers 

Van Diemen’s Land, Roy. 
vSoc. Reports 

Van Nostrand’s Mag. 
Vargasia 

Varsovie Soc. Natur. Trav. 

Varsovie vSoc. Natur. Trav. 
(Mom.) 

Vaucluse Acad. Mem. 
Venez. P. 

Venezia, Ateneo 

Venezia, Ateneo l{scrcit. 

Venezia. Atti 

Venezia, Atti Ateneo 
Venezia, lat. Atti 

Venezia, 1st Mem. 

Venezia, Mem. 1st Bencto 

Ver. Anal. Chem. 

Verh. Gcnootsch. Occ. Qui 
Non. 

Verb. Ges. dent. Naturf. 

Acrzte • 

Verh. poly. Gcs. 

Verb. Ver. Gewerbefleis. 

Veroffent. kais. Gesundh. 
Verona, Soc. iVal. Mem. 

Vet. J. I/)hdon 

Vet. Med. Assoc'. Trans. 

Veterinarian 

Victoria Dept. Mines Spec. 
Reports 

Victoria Field Natur. Club 
Vietbria Inst. J. 

Victoria Natur. 


Onderzoekingen gedaan in het Physiplogisch Uabora- 
toriura der Utrechtsche Hoogeschool 
Scheikundige Onderzoekingen, gedaaii in het Uabora- 
torium der Utrechtsche HoogescftocM 
Verhandelingen van het Provinciaal Utregtsch Genoot- 
schap van Kunsten en Wetenschappen 
See Bull. Murith. ^ 

Actas del Instituto Medi<S) Valenciano 
Memoires de la Soci6t6 d’AgricuIture, des Sciences, et 
des Arts, de TArrondissement de Valenciennes 
Repertorium fur Anatomic und Physiologic 
Papers and Proceedings of the Royal Sroiety of Van 
Diemen’s Ivand 

Reports of the Royal Society of Van Diemen’s Land 
(For Horticulture, Botany, and the Advance of 
Science) 

Van Nostrand’s Engineering Magazine , 

Vargasia: Bolctin de la Sociedad de Ciencias hsicas y 
naturales de Caracas 

Comptes Rendus ct Memoires de la Soci4t6 des Natur- 
listes (a I'Univcrsite Imperiale) de Varsovie 
Travaux de la Soci^t4 des Naturalistcs de I’lJnivsite 
Imperiale de Varsovie 
Memoires de I'Academic de Vaucluse 
Venezuela Patent 

L’Ateneo Veneto: Rivista mciisile di Science, Lettere 
ed Arti t 

Esercitazioni Scientifiche e IvCttcrarie delr Ateneo 
di Venerzia 

Atti dclle Adunanze dell’ I. R. Istituto Veneto di 
Scictjze, Lettere, ed Arti 
Atti dell’ Ateneo Veneto 

Atti del Rcale Istituto Veneto di Scienze, Lettere ed 
Arti 

Memorie del Reale Istitutp Veneto di Scienze, Lettere 
c<| Arti 

Meniorie dell’ I. R. Istituto Veneto di Scienze, Lettere, 
ed Arti 

vSee Repert. 'Anal. Chem. 

Vcrhandelingen van het Gcnootschap: “Occidir qui 
qui non servat.” 

Vcrhandlung* der Gescllschaft dcut^cher Naturforscher 
und Aerzte 

Verhandlungen der poltcchnischen Gesellschaft 
Vcrhandlungen des Vereins zur Beforderung des 
Gewerbefleisses in Preussen 
VerOfTcntlichungen des kaiserlichcn Qesundheitsamts 
Memorie di Matematica e Fisica della Socicta Italiana 
della Scienze 

Veterinary Journal, London 

Transactions of the Veterinary Medical Association 

The Veterinarian 

Victoria. Department of Mines. Special Reports 
See Victorian Natlist. 

Journal of the Transactions of the Victoria Institute 
or Philosophical Society of Great Britain 
The Victorian Naturalist. The Journal and Magazine 
of the Field Naturalists' Club of Victoria 
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Victoria P. • . 

Victcma Pharra. Soc. J. 

Victoria Proc. ifty.^Soc. 
Victoria Trans. Phil. Inst. 

VictoRa Trans. Roy. Soc. 
Victoria Zool. Soc. Proc. 

Vierteljahrschr. iirzt. poly. 
Vierteljahrschr. gcricht. 
Med. 

Vierteljahrschr. gesuiid- 
heitspf. 

Vierteljahrschr. Zahnheilk. 
Virchow's Archiv path. 

Viviani, Ann. Bot. 

Vogct, Notizen 
Voigt, Mag. 


Vosges Soc. Kmiil. Ann. 

W. Atistral P. 

Wag. Free Inst. Sci. Tran.s. 

Wag. Jalir 
Walker. Klcct. Mag. 
Warwick. Field Club Proc. 

Warw'ick Natnr Hist. Soc. 
Rep 

Washburn Obs. Publ. 

Washington 

Washington 

Washington Biol. Soc. 
Proc. 

Washington, Mem. Natl. 
Acad. 

Washington, Natl. Inst. 
Bull. 

Washington Phil. Soc. 
Bull. 

Wasser Abwasser 
Water Supply Papers 
Watford Nat. Hist. Soc. 
Trans. 

W'eale, Quart. Papers 
Weber, Archiv 
Weimer, Zts. Geburtsk. 
Weinlaube 

Wemigerode Naturwiss. 

Ver. Schr. 

West. Brewer 
West. Chem. Met. 

West, Drug. 
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• 

Victoria Patent 

Quarterly Journal and Transactions of the I^harnia- 
ceutical vSociety of Victoria 
Proceedings of the Royal Society of Victoria 
Transactions ol the Philosophical Institute (afterwards 
Royal Society) of Victoria 
Transactions of the Royal Society of Victoria 
Proceedings of the Zoological and Acclimatisation 
Society of Victoria 

Vierteljahrschrift dor urztlichen Polytechnik 
Vierteljahrschrift fur gerichtlichc Medizin tmd ivffent- 
liches vSanitatwesen 

Vierteljahrschrift fur Gesiindlieitspllcgc 

Vierteljahrschrift fur Zahiiheilkimde 
Virchows .Archiv fur patliologie, Anatoniie, mnl ^His¬ 
tologic 

Annali di Botanica 

Notizen aus dem Gclx^itc dcr praclischcn Pliarmacic 
Magazin fur den neuesten Zustaml dcr Natnrkundcn, 
mit Rucksicht aiif die dazii gclmrigcn Hulfswisseii- 
schaften 

Anmiles de hi Soci^tc d’ntmilation dii Department des 
Vosges 

West Australian Patent 

Transactions of the Wagner Fiec Institute of Science 
of Philadelphia 

(Wagner’s) Jahresl.)ericht iibcr Chemischc Technologie 
The Electrical Magazine 

Proceedings of the Warwickshire Naturalists’ and 
Archaeologists’ Field Club 

Annual Reports of the Warwickshire Natural History 
and Archaeological Society 

JMblications of the Washburn Observatory of the 
University of Wisconsin 
Int. Med. Coiigr Tj^ns., 1887 
See also under U. S.* 

Proceedings of the Biological Society of Washington 

• 

Memoirs of the National Academy of Sciences 

Bulletin of the Proceedings of the National Institu> 
tion for the Promotion of Science* 

Bulletin of the Philosophical .Society of Washington 

Wasser und Abwasser 
Water Supply Papers 

Transactions of the Watford Natural Wistory .Society 
and Hertfordshire Field Club 
Quarterly Papers omlingineeriiig • 

Archiv fur die sy.stematische Naturgtschichte 
Gemeinsame Deutsche Zcitschrift fiir Geburtskunde 
Die Weinlaube 

Schriften des Naturwisscnschaftlichen Vereins des 
H^rzes in Wemigerode 
Western Brewer, Tlic 
Western Chemist and Metallurgist 
Western Druggist 
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t 

Wcstphal, Prov. Blatt. 


Westpbal, Ver. Jahr. 
\Vetter 

Wetterau. Ges. Ann. 

Wetterau. Ges. Festgabe. 

Wetterau. Ges. Jahr. 

Wetterau. Ges. Naturk. 
Ber, 

Wiad. Mat. 

Wicck’s Gewerbeztg. 

Wied. Ann. Phys. 

Wied. Archiv 
Wied. Zool. Mag. 
Wiegmann, Archiv 
W'ien Abh. 

Wien Akad. Ber. 


Wien Akad. Denkschr. 


Wien Akad. Silzber. 


Wien Alinanach 

Wien Alpen-Verein, Jahr. 
Wien Anthrop. Ges. Mitth. 
Wien Anz. 

Wien Denkschr. 


Wien Embryol. Inst. 
Mitth. 

Wien Geogr. Ges. ^bh. 

Wien Geogr. Ges. Fest- 
schr. 

Wien Geogr. Ges. Mitth. 

Wien Med. cSiir. Acad. 
"’Abh. t 

Wien Med. Chit. Acad. 
Beob. 

Wien Naturhist. Hofmus. 
Ann. 

Wien Omith. Vrr. Mitth. 
Wien Phot. Corresp. 

Wien Schr. 


i 

Westphalische Provincial-Blatter. Verhan^Iungcn der i 
Gesellschaft zur Befordcrung der'vaterlandischen 
Cultur in Mindcn 

Jahres-Bericht des WestfMichen^ Piijviazial-Vereins 
fur Wissenschaft und Kunst 
Das Wett€f. Meteorologische Montasschrift fiir Ge- 
bildctc aller St^dc ^ 

Annalcn der Wetterauitchen Gesellschaft fur die 
gesammte Naturkunde 

Naturhistorische Abhandlungen aus dem Gebiete der 
Wetterau 

Jahresbericht der Wctterauischen Gesellschaft fur die 
gesammte Naturkunde 

Bericht der Wctterauischen Gesellschaft fiir die ge¬ 
sammte Naturkunde zu Hanau 
Wiadomosci Matematyezne 
Deutsche Gewerbezeitung (F. Wicck) 

Annalen der Physik und Chemie (Wiedemann’s) « 
Archiv fiir Zoologie und Zootomic 
Zoologischcs Magazin 
Archiv fur Naturgeschichte 
Naturwisscnschaftliche Abhandlungen 
Sitzungsbcrichte der kaiserlichen Akademie der Wis- 
senschaften; Mathcmatisch-Naturwissenschaftliche 
Klassc, II Abthlg. Wien 

Dcnkschriften der kaiserlichen Akademie der Wissen- 
schaften. Mathematisch - Naturwisscnschaftliche 
Classe ' 

Sitzungsbcrichte der Mathcmatisch-Naturwissen- 
schaftlichen Classe der kaiserlichen Akademie der 
Wissenscliaften 

Almantlch der kaiserlichen Akademie der Wissen- 
schaften 

Jahrbuch des Oestcrreichishcen Alpen-Vereins 
Mittheilimgen der Anthropologischen Gesellschaft 
Anzieger der kaiserlichen Akademie kcr Wissen- 
sekaften; Math.-Naturwissensch. Classe 
Dcnkschriften der Kaiselichen Akademie dcr Wissen- 
schaften: Mathematisch - naturwisscnschaftliche 

Classe 

Mittheilungen aus dem Embryologischen Institute der 
k. k. Universitat in Wien 

Abhandlungen der k. k. Geographischen Gesellschaft 
in Wien 

Festschrift der k. k. Geographischen Gesellschaft 1884“ 
1898 

Mittheilungen der k. k. Geographischen Gcsell- 
schaft in Wien 

Abhandlungen der k. k. medicinisch-Chirurgischen 
Jqsephs-Academie zu Wien 

Beobachtungen der k. k. medicinisch-chirurgischen 
Josephs-Academie zu Wien 
Annalcn des k. k. Naturhistorischen Hofmuseums 

Mittheilungen des Omithologischen Vereins in Wien 
Photographische CoS'res^ndenz. Organ der Photo* 

* graph. Gesellsch. in Wien 

Schriften des Vereines zur Verbreitung naturwissen- 
schaftlicher Kenntnisse 
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I Wien Sitiber. 


Wien, Sonnblicl^Vv- J&hr, 
Wien, technol. Blatter 
Wien Ver. Naturwiss. 

Ke«it. Schr. 

Wien, Ver. Ges. Aerzte. 

Wien Verb. Gewerb- 

Vereins. 

Wien Wochenbl. Aerzte 
Wien Zts. Ges. Aerzte 
Wien, Zool. Bot. Ges. Fest* 
schr. 

W'ien, Zool. Bot. Verb. 

Wien, Zool. Inst. Arb. 

Wiener Entom. Monatschr. 
Wiener Hntom. Ver. Jahr. 
Wiener I{ntom. Ztg. 

Wiener klin. Wochenschr. 
Wiener landw. Ztg 
Wiener Med. Wochenschr. 
Wiener Mitth. Phot. 

Wiener fvlus. Ann. 

Wiener Poly J. 

Wiener Ztg 
Wiener Zts. Pliysik. 

Wild, Kcp. Mcteorol. 

Wilna, Collect Med. Chir. 

Wilts, Archaeol. Natur.* 
Hist. Mag. 

Wiinercux Lab. (Stat.) 
Zool. 

Winchester, J. Sci. Soc. 


Wisconsin Acad. Trans. 

Wisconsin Natur. Hist. 
Soc Bull. 

Wisconsin Natur. Hist. 
Soc. Pap. 

Wisconsin Natur. Hist. 
Soc. Proc. 

Wisconsin Univ. Bull. Sci. 

Wiss. Abb. Pbys.-Tech. 

Reicbsanstalt 
Wiss. Meeresimtersuch. 


Sitzungsberichte der Mathematisch-natunvi^nschaft- 
lichen Classc der Kaiserlichen Akadeniie der Wisscn« 
schaften 

Jahres-Bcricht aes Sonnblick-Vereines. Wien 
Wiener technologishe Blatter 
Schriften des ^"ereins zur Verbreitung Naturwissen- 
schaltlicher Kenntnisse in Wien 
Verhandlungen der k. k. Gesellschaft der Aerzte zu 
Wien 

Verhandlungen des Nciderostcrreicliischen Cewerb* 
Vereins 

Wochenblatt der k. k. Gesellschaft dcr Aerzte in Wien 
Zeitschrift der k. k. Gesellschaft der Aerzte zu Wien 
Festschrift zur Feicr des fiinfundzwanzigjuhrigen 
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CHAPTER IX. 

«fITROCELLULOSE* THEORY. 

• 

^When the celluloses in a comparatively hipE state of purity 
are brought into contact with certain organic or inorganic acids, 
cither alone or more usually in conjunction with a dehydrating 
agent, union occurs, the number and nature of the combinations 
formed being dependent in a large measure on the anhydrous state 
of the cellulose, the concentration of the re-acting acid mixture, 
the temperature and time of contact Ix'tween the cellulo.se and 
r^-acting mixture, the volume and avidity of the dehydrating agent 
employed, and the physical condition of the cellulose molecule. Of 
the synthetical derivatives of cellulose, the nitric esters -the cellu¬ 
lose nitrates—primarily on account of their varied application in 
both the peaceful and warlike arts, arc technically of the most 
importance. 

Historical. The earlier investigations of the cellulose nitrates 
had entirely to do with those higher derivatives and explosive 
forms used in military operations and it was not until a much 
later pericxl that the products of lower nitration -the so-called 
pyroxylins, collodions and photographic nitrocclluloses—and the 
thermo-plastic pyroxylin combinations typified by celluloid and 
xylonite, began to assiyne a commensurate industrial importance. 
The detailed history of the rise of the *iitrocelluloses of lower 
nitration may perhaps be more properly considered in connection 
with the foundation and rise of tfie celluloid, lacquer, collodion 
and artificial silk arts, in which their commercial ramifications Ve 
so extensive .at the present day. 

The Xyloidine of Braconnot. 'I'he first distinct nitroccllu- 
lo.se compound to be described was a bo<iy discovered by Henri 
Braconnot in 1833, at that time profes.sor of chemistry in Nancy' 
who prepared an inflammable, combustible and explosive body 
from starch, wood fiber and similar sub: t;inces, by treatment tvith 

e 

1, The statement is to be found that Robiquet in 18.32 (Musi)ratt 
Ency. 1883, 2 , 124) treated starch with concentrated nitric acid, but am 
unaUe to corroborate. It is true that Tunnermann (Jahrb. Ch. Ph. 

121; abst. Berz. Jahr. Chem. 18^, 279) distilled starch with nitric acid 

and obtained a new vdatile acid, the nature of which is not clear. It was 
Berzelius who suggested the name "nitroamylin." * 
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concentrated nitric acid, the body so converted bein^r designated 
by the generic term of “xylojdine.” This substance when washed 
and treated was found to explode when exposed to' light and even 
if heated to 3')6° F., and also to detonate when subjected to a 
smart blow.' Braconnot describes his w(jrk as follows: ' 

“It is well known that dilute nitric acid dissolves potato 
starch, producing a gummy liquid very soluble in water. Quite 
different results, however, are obtained with concentrated nitric 
acid. The author has treated 5 gm. of starch with a considerable 
(piantity of concentrated nitric acid with continuous agitation. 
A thick transparent li<iuid was obtained. This liquid, when 
poured into water, throws down a copious white curdy precipitate, 
which, when well w'aslied and dried, w'eighed exactly five gni. 
It is white, pulverulent, tasteless, and does not redden blue lit¬ 
mus paper. It is colored brown by a solution of iodine. Bromine, 
on the other hand, has no action upon it. ()n boiling with water 
it is not dissolved, but unites together into a mass. It is not 
attacked nor dis,solved by dilute sulfuric acid. Concentrated 
sulfuric acid produces a clear solution of a gummy nature, which 
is not preripitated by water. Concentrated hydrochloric acid 
dissolves it readily, especially when heated. 'I'he addition of 
water throws down the original material again, in an unchanged 
condition. Of all the vegetable acids, acetic acid alone reacts 
with it. It is readily sohilile, especially on heating, and .so much 
can be got into solution that the liquiil becomes gummy in con¬ 
sistency. In contact with w'ater a white, hard, thick coagulated 
preciiiitate is produced. On drying at a kfw heat a transparent 
material is obtained, wb'ch retains its transparency when placed 
in water. This thick acid li(|uid when applied to paper or other 
materials, leaves a very brilliant varnish-like coating, superior 
to that furnished by the best gums, whilst, at the same time it is 
perfectly impervious to water, binen, coated with this material, 
retains its .impermeability even on boiling with water. These 
properties show the advantages this material is able to offer in 
the arts. Boiling wood vinegar dissolves it, and a slight pre¬ 
cipitate is throw'n down on cooling. Neither ammonia nor caustic 
potash dissolves it, but they convert it into a transparent body. 
On boiling a brown solution is obtained, and by neutralization a 
precipitate is produced but slightly differing from the original 
materials. It is softened by boiling water without being dis- 

1. Aim. Chim. Phys. 18,S3, 52 , 200; Ann. 183:L 7 , 245; Pogg. Ann. 
1838, 29 , 176; Scliwdger J. 1833, 88 , 368, Amer. J. Sci. 1835, 28 , 131; Berz. 
Jahr. 183.5, 14 , 32.5; 1840, 19 , 437 In this connection, see Ann Chim. Phys 
1833, 52 , 288; Berz. Jahr. 1835, U, 325; Errimann J. 1833, 18 , 66; Ann. 
1833, 7 , 242; Pogg. Ann 1833, 29 , 173. BraconnoL claimed his product to 
be soluble in dilute boiling acetic acid, the solution so obtained being suit¬ 
able for use as a lacquer. 
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solved, and acquires, by drv’ing, the trans|)arency of a gum. On 
exposing tlj|s material to heat it ignites with great readiness. 
It suffices eveifto heat it upon a piece of tliick paper to produce 
rapid carbonization and litiuefactiofi, wliilst tlie cardboard itself, 
cxfipscd to tlie heat, is not sensibly damaged. Ueated in a small 
glass retort, it leaves a residue of one-sixth of its weight of carbon, 
difficult to incinerate, and gives a brownish liquid distillate con 
taining much acetic acid. In contact with a solution of indigo 
sulfate, largely diluted with water, it is not sensibly colored blue 
and does not decolorize the solution. It does not show any indi¬ 
cation of reacting with ferrous sulfate. ,\s this material appears 
in some respects to resemble lignin, the author proposes for it 
the name of Xyloidine. .Several other vegetable substances are 
dt-ted on in a similar manner by the addition of nitric acid. The 
following observations were nuule on the action of concentrated 
acid upon ligqiin and gumnn- materials. .Sawdust, when acted on 
by nitric acid, swells up without dissolving. On cxjtosing the 
mixture to a certain temperature there is no sign of cfferve.scence, 
which is \ery remarkable. gummy solution is obtained so 
thi('k that it solidifies on cooling, 'file addition of water sep¬ 
arates abutidantly ti material precisely similar to that obtained 
by tilt action of concentrated nitric acid on starch. Cotton and 
linen warmed with the same aci<l are jiartially dissohed, without 
any sensible reaction, and are converted into xyloidine. .Sugar 
cane, niannitc and milk sugar produce nothing, except in the case 
of the sugars, a very bitter material. (,um tragacanth, the gum 
arabic, iniilin as well as saponin, which the author has discovered 
in the bark of t^yninocladus Lunailcfisn, are by the action of 
nitric acid, converted into xyloidine. IWs true that it is accom¬ 
panied by a very bitter material from which we may conclude 
that these gummy materials contrfin .sugar in some form.” 

This discovery apparently excited little attention and it was 
not until five years later that anyone took up the exayiination of 
the substances described by llracomiot, when J. I’elouzc published 
his Memoir in the Comptes rendus in bSIlS. * He carried the inves- 


1 Compt reiul l,m 7, 713, Ann ISlifl, 2S, .'!K; J prakt Chem. IK'i!), 
16, 10.-!; Herz Jahr Ifttfl, 19, 4:i7, Anier J. I'harm. 12, H2.* Compt 
rend UStli. 23, HOU, Annuairc Chim IR47, 3, t'ompl rend. 1840, 23, 
837 Annu, Chim. 1,817, 3, 4.')-l; Uil)l, liniv. Afeh. 1840, 3, 273. Compt. 
rend. 1846, 23, 823; Annu. Chim 1847. 3, 4.64. Compt. rena. 1818. 23, 

®*. 401. Compt. rend. 1840, 
a, 892; Berz. Jahr. 1849, 28, 348; J. prakt. Chem 1817, 40, 200; Annu. Chim. 

Compt. rend 1846, 23, 902; Annu. Chim. 1847, 3, 4.54. Compt 
rend. 1846. 23, 1020; Annu. Cllim. 1847, 3, 4.54 Compt. rend. 1847 24, 
224; I’o«8- Ann. 1847, 70, 32P; 71, 144; Wag. Jahr! 
rm ' 454; ]■ prakt. Chem. 1847, 40, 414; Jahr. 

^ .*'22: J- Chim. 1847, U, 297. Compt! iend. 

1847,,24, 20.5; Amcr Jour. .Sci. 1847, (2), 3, 142, 2.59; Athenaeum, No. 996; 



TECHNOLOGY OF CELLULOSp •BSTBRS 




tiKatidtis a step further in that he proved the presence'of the nitric 
aei() content, a point not * recognized by Bracqfinat. Pelouze 
cleiiion.strated that xyloidinii would burn spontaneously when 
heated to 1S0° G., that it could also ba exploded by a sharp l^w 
or pressure and recommended it for use in the fireworks industry. 
He afso extended his researches to the nitration of cotton, paper 
and vegetable .substanees generally, hut did not take the impor- 
lant step of mixing sulfuric acid or other dehydrating agent with 
the nitric acid and, outside of theoretical generalizations, failed 
to make any practical application of the explosive produced by 
him. To the nitrocellulose produced by him he gave the native 
"pyroxylin.” 

C. Bernard and L. Barreswil* conducted feeding experiments 
on domestic animals over a period of more than five years with 
xyloidine and although they state it is unalterable in passage 
through the intestines, they recommended it as a foodstuff on 
account of its high nitrogen content. The xyloidine with which 
they experimented was insoluble in water, soluble in acetifr acid 
and in alcohol. 

The experiments of Braconnot were corroborated and ex¬ 
tended by J. de Vrij, who determined that xyloidine dissolves in 
acetone in considerable quantities.^ He says, “With four grains 
of starch 1 prepared a charge for a pistol and obtained the same 
results as if I used six gtuins of ordinary sportsman’s powder.” 

The results of E. Cottereaii,’ R. Morel,'* Salmon,** Piobert,* 

Uhixl. Poly 1847. 104, Lii). Compt. rend 1848, 2G, 64 Compt. rend. 
1849, 28, 110. 14(1, Jahr. Chem. 1849. 472; Wag Jahr 1864, 10, 234. Instil. 

No. 072, 381; abst. Berz. Jahr, f848, 27, 419. See also Chem, Gaz. No. 

Ift3, aCt Beiz. Jahr. Chem, 1840,19,4.S8 contains the statement that Liebig 
had shown previous to Pelouze that nitric acid is contained in nitrated starch, 
the original reference of which we have been unable to locate. 

1 Compt. rend. 1846, 23, 944. 

2. Compt. rend. 1841, 12, 120; Compt, rend 1847, 24, 19; Liebig and 
Kopp's, Ann Keport. 1847-1848, 2, 371; J, prakt. Chem. 1*7, 40, 420; Jahr. 
Chem 1847-1848, 1, 1139; Watt. Diet. Chem. 1877, 5, 410; Berz. Jahr. 1849, 28, 

.348. LJnder the auspices of Mulder, xyloidine was investigated by C. Buijs- 
Ballot (Scheik. Onderzoek. Phys Lab. Utrech, 1842, 1, 274; abst. J. prakt. 
Chem 1844, 31, 309;Ann. 1843, 45, 47;Berz. Jahr. 1844, 23, 385; J. de Pharm. 
1843, 3, 298) who obtained a coarse, granular inflammable precipitate, readily 
combustible, but containing only 5.72% N. “That it contains nitric acid is 
^en by the manner in which it bums; whether it contains an H atom, as 
indicated by the number of O atoms, is undecided.” 

3. Compt. rend. 1846, 23, 11,57; 1847, 24, 205, 391, 822; Jahr. Chem. 
1847-1848, 1, 1139. J. prakt. Chem. 1847, 40, 418; Annuaite de Chimie, 
1847, 3, 4,54. 

4i Compt. rend. 1840, 23, 718, 1043; Annuaire de Chimie, 184T, 3, 

I ' 
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A. Gaudin,’ Bonjean’ and J. Fordos and A. Gelis,’ amplified and 
carried a ttej further the results bbtained by Braconnot and 
Pelouze and determined more perfectly the physical character¬ 
istics and chemical composition of these bodies. It was furthci 
demonstrated that the product fonned by the nitration of starch 
is far from homogeneous. Their investigations formed an inter¬ 
esting prelude to the researches of Schdnbein on guncotton, which 
together, it may be said, constitute the fundamental basis upon 
which the art of nitrocellulose and nitrated carbohydrates rests 
at the present time. It had been known before this time* that 
^ilute nitric acid dissolved potato and other starches, producing 
a gummy licpiid very soluble in water, but which had no explosive 
nor combustible tendencies. Braconnot by his treatment of dried 
starch with a considerable quantity of concentrated nitric acid 
with continual agitation, producing thereby a thick transparent 
liquid insoluble in water but readily precipitated by it, and w'hich 
upon wa.shing to neutrality and drying, gave an odorless and taste¬ 
less pulverulent mass of ready inflammability, was a distinct 
scientific advance. Iloivever, outside of imperfectly describing 
the phenomenon, he made no careful investigation of the bodies 
discoeered by him, and his co-workers that followed up to the 
year IS 17 apparently contented themselves with an academic in- 
eestigation of the subject rather than endeavoring to place it 
upon any economical utilitarian basis. • 

Nitramidine of Dumas. J. Dumas admittedly deserves the 

t.Vt Compt rend. 18t7, 25, S(iO, !H4, lies Mondes, IHOt, 

5. Compt rend. 184(1, 23, 1117, Amiuairc dc Chiniie, 1847, 3, 4,54. 
See also A. Seguir, Compt. rend I.S4(i. 23, ilOd. Compare I'ehling, Roser and 
Krauss, Dingl. Poly. 1847, 103, 22(1, Jalir Chem. 1847-1848, lt'12. 

(1. Compt, rend. 184(1, 23, 9(B, 1001 Ammaire de Chimie, 1847, 
3, 4.54 

1. Compt. rend 1816, 23, 08(1, J prakt. Chem 1817, 40, 418; Photo. 

Jahrhuch, 17, 30; Bull, de la .Soc d’Eiic, 1847, 6.5; Compt rend 1840, 23, 
082. 1100; Berz Jahr. 1849, 28, 348, 349; Annuaire de Chimie, 11417, 3, 464. 
Compt. rend. 1846, 23, 1099, Annuaire de Chimie, 1847, 3, 1,54. Compt. rend, 
1849, 28, 269; Liebig, Kopp’s Ann Kept 1849, 3, 326; Dingl. Poly. 1849, 111, 
436, Poly. Centr. 1849, 15, 686; Jahr. Chem 1848, 471. . 

2. Compt. rend, 1847, 24, 22; Jahr. Chem. 1847-1818, 1, 1145; Liebig 
and Kopp’s Ann. Kept. 1847-1848, 2, 377; Annuaire de Chimie, 1847, 3, 
4.54. Compt. rend. 1847, 24, 190; Jahr. Chem. 1847-1848, 1, 1144, Liebig 
and Kopp’s Ann. Kept. 1847-1M8, 2, 376. 

3. Compt. rend. 1846, 25, 982; abst. Annu, de Chira, 1847, 3, 454, 
In this connection see Gelis, J. Russ, Phys, Chem.* Soc. 1882, 14, I, 263; 
Ber. 1882, IS, 2238. 

4. E. MiLscherlich, Pogg, Ann. 1842, 55, 121; Bert. Ber. 1841, 379; 
AnlltChim. Phys. 1843. 7. 15- Am. 1842, 44, 186; Taylor.Sci Mem. 1846, 4, 1. 
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honor of having been the first to show that the pro<lucts of the 
action of nitric acid upon lighin are superior in expjpswe energy to 
guniMwder. He succeeded I^racounot and Pelouze, and nitrated 
paper,' which lui. termed nitramidine, and which he proposedrto 
use in the manufacture of cartridges, 'fhe same suggestion was 
embodied in a patent issued to J. Mollet in 1817,- his “zuloidine” 
being obtained by dissolving British gum in nitric acid. :\. 
I lumas' received patent protection for a blasting fuse comprizing 
guncotton powdered with mercuric fulminate, and ignited by 
means of an electrically heated platinum wire. In conjunction 
with Payen,' J. Ilumas carried on investigations on the propertws 
of nitrated carbohydrates which seem imerile in the light of 
modern knowledge on the subject. 

P. Pless,'’ Riolte,'' .\. Knop,' Karmarsch and Ileeren,’' Kaiser,'' 
hessere and V'allod,'" Mougey," Jean,'' Balling,'’ C Combes and 
Plaudin," and I,. Inguier' ' added their increment of knowledge, 
mostly by. desultory and incobrdimited ex])erimeutation. These 
memoirs and communications, however, aroused interest in men 
of reflection ;md mentally etiuipped to purstte such an investi- 
gtitive subject in a logictil manner, and to a definite conclusion. 

In ISKl R. Morel"’ gave a "private” tiddress describing his 

1. Compl reiui I.SKi. 23, .S0(i. USa. Ainiuairo de Cliitnie. 1,H47, 3, 

Ainer J Sei. 1.S17. (2). 3, 2.’)i. I.'Institute. Dec IHtil. No t}7l 

2 H 1’ 1 I(m 7. I.H17, n()st Meehan. Mag 47,4111 

a IC 1> 2101), l.HOt 

4. Hull Sne. (I'line 1,S4I), till), 020. 021 

.0. Haver, ('.will l.StO, :!40. .'lOi; ao2. 

0. Conipt. rend IS-IO, 23, 1000 

7. Cheni Cenlr. ISIO, 20, FOI, IS.W, 21, 40, Any IMO, 74, 047, J 
prakt Cheni. 1810. 4«, .■!()2, IKnO. 43, 228, Jahr Chem 1E40, 2, 4()(i, Client 
Cuz 18.'')(). 8';, Coni|)t rend IH-tti, 23, 808, Dnigl Holy 1846, 102, Kin 
A and \V. Knop, J prakt Client. 1840 , 48, 802, 1,8.42, 56, 884: Chem ('.az, 

1.5. 'iO, 81: Ann I8.')0, 74, 817, Pharm. Centr 18.")2, 23, 120, 428, Jahr. Chem. 

1.5, ')2, 5, 0.47. 

8. Dtngl. Poly miO, 102, 16,4 

9. (Twhl. 1846, 840, 801. 802; Hayer Knnst n Gewerbl. 1846, 665, 
780; 1817,85 Wieek's Gwz, 1.864,22. 

!().' Comi)t rend 1846, '23, 982, 074 

11. Coifi|>t. rend. 1846, 23, 870; Annuairc de Chimic, 1847, 3, 454. 

• 12 Compt. rend. 1847, 24, 877. 10.5:1; abst Jahr Chem 1847-1848,1, 

1140:1.iebig Koitp’s Ann. Uei)t. 1847-1848, 2, 87.8. 

13 Zschr. d. Gwbw. 1846. 011. 

14 Compt rend 1846, 23, 040. Comp* rend. 1846, 23, lOtlO; Anmiaire 
dc Chintie, 1847. 3, 454, 

15. Compt. renrl. 1846, 23, 1000, Annnaire dc Chimie. 1847, 3, 454. 

16 Compt rend, 1846. 23, 718, 1(>43: Annnaire dc Chimie, 1847, 4,54. 
Compt rend. 1847, 25, 860, 914. Des Mondes, 1864, 6, 269. 

i ^ ** 
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process for Jlic preparation of explosive cotton, and on Octol)er 
12, 1847, the 1‘rench Academy broke yie seal on his de]«).sited port¬ 
folio on this shbject and read his note on the transformation of 
lifnieous materials into explosives. ’'I'lie earlier experimenters ap- 
p.arently intentionally shrouded the sid)jcct with*,'in air of mystic¬ 
ism, and many of the most impossible claims allcjjed for these 
nitrated products were rc.-ulily accepted ni toto, and were not 
challenged nor refuted until many years after. The patent of 
Morel in this subject' is a hazy, ranibliiiK document, rcidctc with 
abstruse phraseology and abounding in hopes of what might be 
accom])lishcd, rather than a clear exposition of what had been 
Sone. lie used carded cotton, nitric acid and w.itcr. 

.‘Salmon- preferred sulfuric acid and potassium nitrate; H. 
Cottereau" eini>loyed sulfuric acid as a "dehydrating” agent, 
while liecker' disclosed his process for preparing a cotton powder 
"whose energy sur[)assed all the analogous products which could 
be compared to it.” Arago'' entertained the 1‘rench Academv 
by relating, in IS It;, experiments on "fulminating cotton,” in 
which the ball of a Roberts gun, with a charge of ll.:!5 gin. pene¬ 
trated 14 mm. of a wo<«len plank situated at a distance of 11 m. 

M. Pettenkofer,' W. (‘.rove,’ entered the held, but contributed 
only generalizations. Due to the rather capricious action of this 
nitrated product and the freijuent tendency to explode without 
apparent provocation* cxiierimenters bec^ime cautious. Honjean* 
proposed to dye this product pink with Dandle wood extract, in 


1 I', I' .tl'.SO, Ocl ixm, .Kldh (laled Oct (i, .S, L’fi, dtl, IXdti. 

P Oct It. Itviii Sec his P P Aug 17, ISlIi Morel .ind 

Chaiidun. I' P Nov 11 . IK-IU 

2. CorniA rend l.SIti. 23 , 1117, Aniinaire de Chmiie, 1X47. 3 , 

i! Coinpt rend l.Xld. 23 , 11,'i7, J praki t'liem lX.17.*40,41X;An- 

utiairc de Chimie, I.S47. 3 , ■t.'it. Coinpt rend 1X47. 24 , 20.'), ;!i»l X22 lahr 
Cheni IX47-1X1X, 1 , 

4 Coinpt rend 1X40, 23 , !IX:S. Annnaire de Chimie, 1X17 3 , 'l.'il. 

Ti. Compt rend IXIti, 23 , 7IX, X7!l 

0 Dingl Poly. l,S4(i, 102 , 44.S, Bayer Knnst. Gewerhl* IXfO, .57 
Coinpt rend. I,S40, No. IX, Ip, 21; Dnigl Poly 1,X17, 103 , 42, 4X H.ayer 
Knnst (Jew. Blatt. Jan. I,S47, Dingl i’oly »Xt7. 103 , 2(W, 21<) *I,iel)ig 
Kopp Aim Kep 1X47-l,S4X, 2 , .W; Jahr t hem 1X47 IK4H, 1 , Ti;« Chem. 
Centr. lXt7, 18 , a'!. ^ 

b- boh'. Pins'. Poly 1K4'», 

112 . 2,36, Technologistc, April, 1X1». 

8 Compt. rend. 1847, 2f 22; Jahr Chem 1,X17-1K48, L 1145; I.iehig 
and Kopp’s Ann Kept. 1X47-1848, 2 , .377; Annuaire de Chimie, 1847, 3 , 
4,54. Compt. rend. 1X47, 24 , 100; Jahr Chem iX47 1848, 1 , 1145; Liebig 
and Kopp's Ann. Kept. 1847-1848, 2 , 376, 
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order to avoid mistakes, a little alum being added to increase the 
intensity of the color and the effectiveness. A. Seguier, assisted 
by CIcrget,' determined the comparative ballistics l)f the “paper 
of Peloiize," and found the brlsant augmentation always greater 
than gunpowder but decidedly erratic. Cplonel 0. Averos^ ear¬ 
ned out a research authorized by the “high commissioner of 
cxplosivdk in Paris,” and investigated all the known methods of 
nitrocellulose formation which had Ijcen proposed up to that time. 
The Colonel’s voluminous report as a parvum in multo is a classic, 
and should repose in every nitrocellulose antiquariat’s library. 

Schdnbein and Guncotton. The various proposals which 
had been made previous to the announcement of the discovery* 
of guncotton by Schonbein in 1S4() did not meet with extended 
favor, as it had been impossible up to that time to produce a 
uniform material or to render the same sufficiently stable. Not¬ 
withstanding the fierce polemics which were indulged in after the 
announcement of the discoveries of Schdnbein between himself 
and the members of the French Academy on one side, and 911”' 
Bdttger and German co-workers on the other, due in a great 
measure to the attempts to keep the manufacturing details of 
his process secret while patents thereon were pending, the fact 
must be recognized that an entirely new stage in the history of 
pyroxylin was initiated when Christian Frederick Schonbein, in 
1845,'' announced that ^le had discovered' a method whereby 

1 Compt. rend. lS4(i, 2J, 862, 9(K), HH7, Anmiaire de Chimic, 1847, 
3, t.'jd; Majocchi, Ann. I'i.s Chim 1847.25, 116. 

2 . Compt. rend 1846. 23, 874; Annuaire de Chiime, 1846, 4.54, Tech. 
Mitth. lilsncr, 1846-18-18, 124, J prakt Chem 1847,40, 108, 2,57. 

8. Memoir No 69 Pogg. Ann 1848, 59, 240; Archives de I'Electr. 
1843, 3, 29.5, Munehen. Ahhandl 1837-1847, 3, ,587. No. 70. Archives de 
I'lilectr, 1844 , 4, ,56, Basel, Ber. 1844, S, 12, Pogg Ann. 1844, 62, 220, 
No 71. Archives I’Electr. 1844, 4, ,838. No 72. Atti .Scienz. Ital. 1844, 
167. No 7.5. Basel, Ber 1844, 6 , 10 No 77. Bern, Mitthcil. 1844, 
UW. No 78 Pogg. Ann. 1844, 63, 406; Bibl, Univ )844, 52, 358 No. 79. 
Pogg. Ann. 1844 , 63, ,520. No 80. Proc. Roy. Soc. 184,* 5, ,507. No. 
82. Arehives de I'Kleetr. 1845, 5, 11, 837; Pogg. Ann. 1845, 65, 69; 1846, 
67, 78., No. 88. Archives de I’Electr. 1845. 5, 342 No. 84 Arch, de 
I'Elcctr. 1845. 5, ,556; Chem.'Soc. Mem. 1845-1848, 3, 2; Phil Mag. 1846, 
28, 432, Pogg Ann. 1816. 67, 225. No. 85. Brit. Assoc. Rep. 1845, 91. 
No. 87. J. prakt. Chem 1845, 34, 492. No 89. Milano, Giom. Lst. Lorab. 
1845, 6, 2(Mt. No. 00. Phil. Mag. 1845, 27, 386, No. 91. Pogg. Ann. 
1,845, 65, 161. No. 92. Pogg. Ann. 1845, 65, 197. No. 93. Pogg. Ann. 

1845, 65, 190. No. 94. Pogg. Ann. 1845, 6U, 190. No. 95. Pogg. Ann. 

1845, 66, 291; Phil. Mag. 1845, 27, 450. No, 96. Pogg. Ann. 1845, 67, 89. 

No. 98. Proc Roy. Soc. 1845, 5, ,543. No. 99. Proc. Roy. Soc. 1845, 5, 

,505. No. 103, J. prakt. Chem. 1846, 37, 120. No. 105. J. prakt. Chem. 
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cotton cOuld be converted into a very explosive body by treatment 
with nitric^acid for a short time, a^jd that no observable struc¬ 
tural changes ftccompanied this reaction. 

So much has been loosely writftn on this subject—apparently 
offen by those who hax e not taken the pains to critically examine 
the original scientific repositories, that the steps leading up to 
this discovery, as well as the attitude assumed by Schonbein in 
relation to certain claims put forward by Pclouzc and other Aca¬ 
demicians as regards priority, may perhaps lx; best understood by 
reference to the original communication of Schonbein as follows:' 

"The substance to which 1 ha\'c given in German the name 
iicliiaswollr, and in English that of guncotton, having excited 
a lively curiosity, it mav be interesting to the scientific world to 
become ac(|uainted with some details of the way in which I was 

IS40, 37, 144. liascl, Hir IS-ir, 7, 22 No 100 J prakt. Chem. 1840, 39, 
.*170 No 107. I'liil Trans I84il. !.'17 No 111 Pogx Ann. 1846, 97, 

211. No 112 1‘ogg Ann 1810. 67, 217, Basel. Ik-r 1847,7,9. No 11.3. 

I’ogg Ann 1840. 68, 42, Basel, Her 1,817, 7, 2:i No 114 Pogg. Ann. 

1840, 68, 1.70 No 11,7 (lefvcr.siKt, 1840, 3, 9.1 No 117. Basel, Ber. 

1.847, 7,(1 No 118 Basel, Ber 1847,7,7 No 119, Basi'l, Ber, 1847, 

7, B! • No 120 Basel. Ber 1.847, 7, 1 4. No 121. Basel, Ber. 1847, 7, 1.7. 

No 122 Basel. Ber 1847, 7, 17, No 124 BibI Univ, Arch. 1847, 4, 20; 
Majwchi, .Ann. Fis Chini. 1817, 2S, 1,79, Phil Mag, 1847, 31, 7. No. 126. 
J 4 )rakt Chem 1847, 41, 22.7. Schwei/er, (lesell. Verhanrl 1847, 08. No. 
128 Pogg. Ann 1847, 70, 87. No 129 Pogg Ann. 1847, 70, 100. No. 

1.70 Pogg Ann 1847. 71, .717 No 101 Pogg, Ann. 1847, 72, 408. No. 

172. .Si’lmei/.er Gesell Verband 1.847. 77, Pogg Ann. 1847, 77, 450. No. 
170 Anier J. .Sci 1847, 4, 720. No. 142 Pogg Ann 1848, 7^ 361. 
No 140 .Schweirer, (IcsVll, Verhand 1848, 114, Pogg Ann. 1848, 7S, .307. 
No. 147 Basel, Her 1819, 8, 7 No 14.8 Hasel, Ber. 1849, 8, 5. No. 
149. Basel, Ber 1849. 6, 0 No. 1.70 Basel, Ber, 1849, 8 , 8, No. 151. 
Henlc and Pfeufer, gts 1.819, 7, 18.7. No 1.72 .Sehwei/.er, Gesell. Verhand. 
1849, 98, Pogg. Ann 1849, 78, 2.89, BibI Univ Arch. 1870, 13, 192 No. 

I, 73. vSchweiger, Clesell. Veihand. 184!), 110; Pogg Ann. 1849, 78, 102. 
No 1.74 Sehweizer, Gc.sell Verhand 1849,120 No 1.77. J prakt. Chem, 
18.70, 51, 30; J Pharm (de), 18.71, 19, .385. No 100. J. iM'akt. Chem. 
1871, 53, 248 Sclionlxdn wrote to Berzelius concerning this discovery on 
March 5. 1840 (C Kahlhaiim, "Briefweoh.sel Bcrzclius-SchOnbein," p. 80), 
and to M. Faraday, Feb 27, 1846 (C Kahibauin, ‘Txdters of Faraday and 
Sehonbein,” 1809, p. 152). Pogg Ann 1847, 70, 100; Berz. Jahr. 1848, 
27, 424; 1,849, 29, .3.78, Jahr, Chem 1847 -1848, 1, 1128, 1146; Arcl» ph. Nat. 

4, 20; Chem. Centr 1847, 18, ,705; Phil .Mag 1847. (3), 31, 7; Phil. Trans. 
1846, 136, 1,37, BibI. nnivers (4), 3, 18; .Ann ,Sd phys, nat 4, 20, 28; Am. 
J Sci. 1847, (2), 4, 1.38, 440; l,iv. Hdin. and Duh. Phil. Mag, ^ 7;Mining 

J. , Apr 10.1847, Dingl. Poly, 1840, 102, 80, 1847, 104, 139; Compt. rend. 
1846, 23, 678; Annu. Chim. 1847, 3, 454; Bharm. J. Trans. 6, 189, 533. 
Memoir No. 129. Dingl. Poly. 1862. 166, 313. Augs. Allg. Ztg, Oct. 

5, 1846. Liebig, Kopp's Ann Rep. 1847-1848, 2, 3a3, .374,377,378. 

Sci. Amer., March 28, 1863. iTie Engineer, June 19. 1874. Zts. Schiess. 
Spreng. 1912, 7, 164. • 

1. For considerable data contained in this topic, acknowledgment is 
due to Historical Papers on Modem Explosives, G. MacDonald, 1912. 
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irst led to its discovery. The re.sults of nij' researches on ozone 
ed me, in the last few years, to turn my attention particularly 
.0 the oxides of nitrogen and principally to nitijc ‘acid. The 
lumerous experiments which i have made on this subject have 
ed me, as 1 hav^ stated in detail in Pogf.endor(f’s Anmicn, ,to 
idopt a peculiar hypothesis of the so-calicd hydrates of nitric 
icid, sulfuric acid, etc., as well as the normal nitrates, sulfates, 
?tc. Fof a long time I have entertained doubts as to the existence 
af compound bodies of this nature, which cannot be isolated, and 
which are stated to be capable of existing only in combination 
with certain other substances. I'or a long time, also, I had come 
to the conclusion that the introduction of these imaginary com¬ 
binations had only been an apparent progress in theoretical chem¬ 
istry, and that it had even impeded its development. It is well 
known that what has most contributed to the admission of the 
existence of these compounds has been the opinion, generally re¬ 
ceived among chemists, respecting the nature.of nitric acid. 
(Here follows a discussion on the constitution of nitric and sul¬ 
furic acids.) My experiments on ozone have shown that this 
body forms a peculiar compound with olefiant gas, without ap¬ 
parently oxMizing in the least cither the hydrogen or the carbon 
of the gas. I had an idea that it would not be impossible' that 
certain organic matters, exposed to a low temperature, would 
likewise form compounds, cither with ozone alone, which, on my 
hypothesis, occurs in a state of combination or mixture in the 
acid mixture, or with Nt,),|. It was this conjecture (doubtless 
very .singular in the eyes of chemists) which ])rincipally led me 
to commence experiments with common sugar. I made a mixture 
of 1 volume of nitric ackl (1..5) and 2 volumes o[ sulfuric acid 
(1.85) and cooled the mixture to 0° C. I then added some finely 
powdered sugar so as to form a paste. I stirred the whole and at 
the end of a few minutes the saccharine substance formed itself 
into a viscous mass, entirely separated from the acid liquid, with¬ 
out any disengagement of gas. The pasty mass was washed with 
boiling water until the latter no longer .showed any acid reaction; 
after which I deprived it as much as possible, at a low temperature, 
of the water which it still retained. The substance now pos.scssed 
the following properties: Exposed to a low temperature it is 
hard and brittle; at a moderate temperature it may be moulded 
like jalap resin, which gives it a beautifully silky luster. It is 
semi-fluid ht 100° C.; at high temperatures it gives oft' red vapor. 
Heated still more, it suddenly deflagrates with violence, without 
leaving any perceptible residue. It is almost insipid and color¬ 
less, transparent like the re.sins, almqst insoluble in water, but 
easily soluble in essential oils, ether and concentrated nitric acid, 
and in most cases it acts in general like the resins from the chem¬ 
ical and physical point of view. Friction, for instance, render.s 
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it electrical. It shoiiki be added that the acid mixture by means 
of which rfhis resinous bo<Iv was •obtained, has an extremely 
marked bittcT taste. 1 wished to make experiments also with 
other orj^anic substances, and 1 sodli discovered, one after another, 
an those about which there has been so much* said of late in the 
I'rench .\cadcniv. .VII this occurred in December, 1S4.5, and the 
lirsl few months of ISKi In M;irch I sent specimen.s of my new 
compound to some of my friends, especially Faraday, Ilersehel 
and W. (irove. It is necessary to note expressly that guncotton 
formed part of these prochiets, but I must ad<l that hardly was 
it dise(jvered. wluii I cmploNcd it in shooting experiments, the 
sneecss of which eneouragetl me to continue them. .'Veeepting the 
obliging imitation which 1 received, I went to VVurteiuburg, in 
^he middle of .V|)ril, and made experiments with giineotton, both 
hi the .Vrsenal at I.ndwigsbnrg, in the presence of artillery officers, 
and .Stuttgart before the King himself. In the course of May, June 
and Inly, with the kind cooperation of Commandant de Mechel, 
M. linrkhardt, captain of artillery, and other officers, I subse- 
(pienllv made in Hale, nmnerons experiments with arms of small 
caliber, such as pistols, carbines, etc,, and afterwards with mor¬ 
tars ^and cannon, ex]>erinieiits at which Haron de Knidencr, the 
Russian .Vmbassador, was several times present. 1 may be al¬ 
lowed to mention that 1 was the person who fired the first cannon 
loaded with gmicotton and shot, on July ‘2S, IMti, after we 
had jireiionslv ascertained by cxperiinents with mortars that 
the substance in (|uestion was cajiable of tieing used with pieces 
of large caliber. .About the .same time, and independently, I 
emploved gmicotton “to blast some rocks at Istein, in the tlrand 
Diichv of Haden, and to blow up some old walls at Bhle, and in txith 
eases I had opportimitics of eom incing myself in the most .satis¬ 
factory manner, of the .superiority of this new explosive over gun¬ 
powder. In July I also made the first capsules and employed 
them with snceess for muskets in the presence of the above- 
named officers. lixiH'rimcnts of this kind, which’took place 
frequently and in the presence of a great number of person.s, 
could not long remain unknown, and the public journals soon 
gave, without participation on my part, descriptions more or less 
accurate, of the results which 1 obtained. This circilmstance, 
joined to the short notice wdiicli 1 inserted in the May numjter of 
the Fnggendorffs Annakn, could not faif to attract tire attention 
of (lerman chemists. In the middle of August I received from 
Bdttger, Professor at Frankfort, the news that he had succeeded 
in preparing guncotton and other substances. Our two names 
thus became associated ifi the discov'ery of the substance in 
question. To Bottger, guncotton must hav'e been particularly 
interesting, as he had previously discovered an organic acid which 
deflagrated readily. In August I,went to England, wheje, as- 
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sistedby the able engineer, Richard Taylor of Falmouth, I made 
numerous experiments in tlie mines of Cornwall, which were en¬ 
tirely tiuccessful in the opinion of all competent witnesses. Ex¬ 
periments on the action of giincotton were also made in several 
parts of England under my directions, Ijoth with small firearms 
and pieces of artillery, and the results obtained were very satis¬ 
factory." Until that time there had been little or nothing said 
of guncotton in France; and it would appear that the short notice 
which W. Grove gave at Southampton, at the meeting of the British 
Association, and the experiments with which he accompanied 
them, first served to attract the attention of French chemists to 
this substance. At Paris the thing was at first considered hardly 
credible, and jokes even were passed upon it. But when there 
could no longer remain any doubt as to the reality of the discovery, 
and when several chemists in Germany and other countries had 
published the processes which they employed to prepare gun¬ 
cotton, then a lively interest was manifested in a subject which 
had just before excited derision, and it was soon pretended that 
the new explo.sive was an old I'rench discovery. It was declared 
to be nothing more than the xyloidine first discovered by Pelouze, 
and the only merit left to me was to have conceived the h.appy 
idea of putting this substance into a gunbarrel. The knowledge 
of the composition of xyloidine ought to have sufficed to have 
convinced those who put'forward that opinion that it is not suited 
for firearms on account of its containing too much carbon and 
too little oxygen, for the chief part to be converted during the com¬ 
bustion into gaseous matters. It was, moreover, very easy to dis¬ 
cover the essential differences which exist Between xyloidine and 
guncotton. Nevertheless the error was kept up for some months. 
Matters stood thus when on November 4th last, a Scotch chemist, 
Walter Crura of Glasgow, published a memoir in which he showed 
that guncotton is not the same product as xyloidine, but that it 
presents an essentially different composition, and towards the 
end of the'same month the French Academy received a com¬ 
munication of the same nature. The guncotton was no longer 
xyloidine, it was called pyroxyline, and the first was admitted to 
be unsuitable for firearms. If, therefore, it is pr®ved that from 
the comlhencemcnt of I.H4fi I prepared guncotton and applied it 
to the discharge of firearms and that Bottger did the same in 
August—if-it be admitted that xyloidine cannot serve the same 
purpose as guncotton, and if it be notoriously known that what 
is now called pyroxyline was not brought before the French 
Academy and the world until towards the middle of November 
last, the idea of attributing to France the discovery of gimcotton 
cannot be seriously' entertained, or of assigning to me merely a 
practical application of that which another had discovered. I 
appeal to the justice of Frenchmen to decide the point to whom 
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belongs the* honor, of not only being the first to apply the new 
substance in question, but also of Jmving first prep.ared it-to 
Braconnot anti Pclouze or myself.. I must, moreover, add ex¬ 
pressly that it was not xyloidineT even, whieh led to tny dis- 
ewery, however intimate may le its relations with guncotton. 
It was theoretical ideas, possibly very erroneous ones, liiit which 
are peculiarly my own, as well as some facts which 1 was also 
the first to discover. Suiiiit cuiejuc is a [jrinciple of morality on 
which society at large rests; whv should it not be strictly respected 
in the domain of science^ I’elouze is a distinguished chemist 
and already possesses a sufficiently high reputation, not to re(|uire 
to elevate his pretensions on the merits of others; and 1 am fully 
persuaded that this esteemed chemist, of well known truth of 
character, will, approaching with impartiality the circumstiinces 
which have occurred, freely render me the justice to whieh I con¬ 
sider myself entitled." 

A patent had been applied for in England in the name of J. 
Taylor,’ and in the United .States under his own name but as¬ 
signed to W. Robertson.- In the United .States patent he clearly 
show| his methiKl of fonnation, as ap|wars from the following 
description: 

"Treating vegetable fibrous substances and other organic 
matters being of a chemical composition analogous to that of the 
said vegetable fibrous substances with a mixture of nitric acid 
of 1..") specific gravity, or thereabout, ami sulfuric acid of l.So 
specific gravity, or tljereabout, at the common temperature, or a 
lower one, by which compounds are formed which on being heated 

1. K. P. 11407, JS4G; abst Kep Pat Inv. Ib47, 9, 202; Mrchan Mag. 
«, ;i93;46, SrtS. Jahr. Cheni 1847- 1»4«. 1, 1142, Uiiigl. Poly. 1847, 104, 4,50; 
Eng. and Architect's J. 10, 142; Lond. J 29, 280. In this same year he also 
entered into negotiation.s with Messrs John Hall & .Sons, of I'aver.shani, 
and on Octolrer I3th an agreement was made for the erection of a fac¬ 
tory for the manufacture of guncotton • 

In 1847 Messrs. John flail & .Sons erected tin factory, hut it was de¬ 
stroyed by a very disastrous explosion on July 141h of the same year and 
never rebuilt. This disaster appears to have acted as a deterrent to the 
manufacture of guncotton in England because for the next Hi years very little 
further work was done in that country. • 

All the guncotton not involved in the explosion at Eaversham was 
buried. In 1864 Alxd received a sample of the disinterred guncottdn, and 
he found that the material did not apiiear to have nndergonif any change. 
It was readily soluble in ether-alcohol and had a nitrogen content of about 
12% (Trans. Roy Soc. 1867). This old-time guncotton was again examined 
as late as 1909, this time by G. W. MacDonald, who reported his 
findings at the Inter. Congress App. Chem. 1909. The sample tested was 
disinterred about 1873, and since that date had bjen stored in a bottle. 
The material was in good condition, quite stable, had a nitrogen content of 
nearly 12% and was 89% soluble in ether-alcohol. 

^2. U. S. P. 4874, 1846; abst. Pharra. J. Trans. S, MS. 
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more or less ignite suddenly and produce gatseous matters. Of all 
the vegetable substances known to me, cotton-wool vs the most 
lit material for producing an explosive compound'an.swering the 
purposes of gunpowder, and I' therefore claim the use of cotton¬ 
wool for this purpose when prepared as herein directed. ^ 

To produce that explosive compound the following process 
is to be gone through. 

I'irst. Clean cotton is immersed in a mixture containing the 
nitric and sulfuric acids of the specific gravities before men¬ 
tioned. As to the ratio of volumes in which the two acids are 
to be mixed, it may vary to a considerable extent, and the specific 
gravity may vary also; but the above is preferable. The ratio, 
however, yielding the best results is that of one volume of nitric- 
acid to two or three of sidfurie acids. ' 

Second. Into a mixture of the acids of the last-named de¬ 
scription clean cotton is plunged in such a manner as to be entirely 
impregnated Icy the said acid mixture. Care must be taken that 
the temperature of the said acid mixture be not above 50° or 
00° Falirenheit. 

'I'hird.- The cotton, after having remained for an hour or 
two (more or less) in contact with the acid mixture, must be 
subject to pressure in order to remove as much as possible from 
the cotton the acid particles. That being done, the pressed cot¬ 
ton is to be washed as long until the acid is entirely removed. 
That operation being finished, the prepared cotton is to be dried 
in moderately heated rooms. Before using the dry cotton it is 
important to card it. 

Fourth. Cotton-wool acquires also a- high inflammability 
and explosive power by'exposing that material at the common 
temperature to the action of pure nitric acid of the greatest 
specific gravity that acids can lie prepared. 'I'his way of ren¬ 
dering the cotton inflammably appears to be less ea.sy and eco¬ 
nomical than the method above described; but'the use of this 
cotton-wool'.so prepared I claim as part of my discovery. 

Fifth. For many purposes it is good to impregnate the ex¬ 
plosive cotton by some nitrate of potash. This preparation im¬ 
parts to the cotton the property of disengaging q, more intense 
light thah the pure prepared cotton does, and the u.se of nitrate 
potass^ or other known chemical substitutes I claim in combina¬ 
tion with the acid treatnient.” 

Schbnbein gave the product described and patented by him 
the name of schiesswollc or scl.iessbaumwolle in German, or gun¬ 
cotton, in English, and made successful tests with it for shooting 
and blasting. For pecuniary reasons Schonbein did not disclose 
the results of his investigations in detail, and meanwhile others 
had quietly been taking up the subject, and their results appeffled 
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about the «amc time as the communications of .Schimbein. 

Apparyitly entirely iudependeiitly, B()ttner of Frankfort, 
experimentinK*along similar lines, also announced the preparation 
of^n explosive cotton in August, iRui, and described in general¬ 
ities its ballistic properties, .and uniting his efforts with Schonbein, 
presented the residts of their discoveries to the ('lerman Union. 
The latter, stipulated, however, that before the prize which had 
l)cen offered for such an invention could be awarded, it was in¬ 
cumbent upon the inventors to demonstrate to the satisfiiction 
of the representatives of the Union, that the new substance was 
the equal, or .superior to gunpowder, and would be .able to .satis- 
ftetorily replace the latter in all respects. A Commission was 
appointed to test the guncotton, and the jniblication of the manu¬ 
facturing methods was held in abeyance, ])ending the report of 
this Commission. 

Meanwhile, in an unobtrusive manner,’ F. Otto, of Brunswick, 
had been pursuing this .sidqect, an<i published in the .\ugsburgcr 
.-Mlgeyieinen ifeitung of (fclober I.Slti, that he had succeeded 
in producing an explosive cotton similar to the .Schonbein gun¬ 
cotton, by immersing cleaned cotton for about oue-half minute 
in very highly concentrated nitric acid, followed by careful wash¬ 
ing and drying. 

'I'he three-sided and vitriolic controversy that immediately 
followed the publication of ()tto I'leatcd w^lesprcad interest among 
investigators, and attempts were begun tipon all sides in systematic 
endcavons to improve the Dtto method (the only rational method 
of nitrocellulose manufacture pubinhed up to this time), and to 
render the guncotton more stable and less brittle. 

R. Bdttger, having found* that the “pure” nitrocellulose was 
completely soluble in sodium stannite solution, from which cellu¬ 
lose may be regenerated by acidifying, ])roposed the use of the 
new body as an excellent filtering material for minenfl acids,’ 

1. Zts d. Owbw. 8,50; llaiinovt-r Ztg f)ct 0, U, 1840, Uingl. 

Poly. IK64. 102, 1.5.4. 1.54. Ileut. Allgcin Ztg. It4f). Oct .5. J. i^iikt Chem. 
1847, 40, 193; Compt. rend. 1840, 23, 807, Diiigl Poly 1840, 102, 104, 108, 
331,408 

2. Jahr. phys. Vercin Frankfurt a',M 1872-1873, Chem Centr, 1874, 
45, 374; J. C. .S 1874, 27, 192, 1078; Uingl Poly 1873, 209, 31.5, Dent. Iiid, 
ztg. 1873, 18; Wag Jahr. 187;)? 19, 3.56; Poly, Centr 1873, 39, 268; Jahr. 
Chem 1873, 20, 827, Indblatter, 1873, No 1, Iilsncr*.Mitth 1872-1873, 22, 
231. 

J. R. Bottger, Ann. 1860, 114, Ill; Polv. Notiz. 1860, IS, 97, Bingl 
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and showed that, whereas cotton is ignited in ccaitact jvith a mix¬ 
ture of potassium pennangapate and concentrated sulfuric acid, 
guncotton and gunpowder arc not affected. ‘ He*" prepared red 
colored fuses or quick matches^ from guncotton by nitrating 
loosely .spun twiiie or rope, which was afterwaJtis immersed in an 
alkaline .solution of fuchsine. In conjunction with vSchonbein,’ a 
memoir oh the subject was published in 1847, and the prize was 
finally awarded to them.'* 

The announcement in the French Academy of the discoveries 
of Schdnbein aroused a remarkable interest and brought forth a 
large number of communications on the subject. A. Gaudin 
contributed several memoirs,* and found that “the preparation 
of pyroxylin is not always successful when nitric acid is employed 
according to the method described by some eminent chemist at 
great detail,” but found that a satisfactory stability was obtained 
when the nitrated cotton was dried in a special chamber with re¬ 
volving racks and cold air circulation, in an apparatus as devized 
by him. 

E. Pcligot" made careful combustions of cotton nitrated with 
equal parts of fumic nitric and sulfuric acids, from which he 

I'oly. 1860,155,463; J prnkt. Chcni. 1800, 79, 384; Jahr Chem 1860, 11, 
680; Poly. Cciitr. LSCO, 25, SKI; Bull, dc’la Soc Rncour. 1860, 608; Repert 
dc Chim. appl. II, 186; Vcrhandl des niedcrostcrrcich Gcwcrbevcreiiis. 1860, 
7.6, Jahr. Pharm. 14, 170, Wag. Jahr. 1860, 5, 466, Amcr. J. Sci. 1860, (2), 
30, 268; Proc Amcr. Pharm Assoc 1860, 9, 06. Joihr. phys Vercin Frank¬ 
furt a/M. 1872-1873, 10; Chtm Centr 1874, 45, 3-16. 

1. P<)gg. Ann Jul)ell>and, 1874, 1.56; N. Rep. Pharm 23, 177; abst. 
Jahr. Chem. 1874, 27, 270 

2. Poly. Noli/ 1873, 28, No 1; Uingl Poly. 1873, 207, 261; Poly. 
Centr. 1873, 39, 267; Chetn. Centr. 187.3, 44, 107; Araer. Chem 1873, 397; 
Wag. Jahr. 1873, 19, 3,5,5; Chem. Tcck. Rep. 1873, 13, I,'189; Pharm. 
Centrahl. 187,3, No. 10; Eisner, Mitth. 1872-1873, 22, 300; J. C. S. 1873, 
25, 0,56; Jahr. Chem. 187.3, 26, 1032. Bcr. 1876, 9, 179,5; Jahr. phys. Ver. 
Frank 1877-8, 2.5; Chtm. Centr. 1870, 50, 7.50. 

.3. Pogg Ann. 1847, 70, .320; Berz. Jahr. 1840, 28, 247, 351; Jahr. 
Chem. 1847-1848, 1, 11-43; Augsb. Allg. Ztg. .3 Jan., 1847, Suppl. page 21; 
Uingl, Polii. 1847, 103, 220; Arch, ph. Nat. 4, 20, 28; Compt. rctfd. 1846, 23, 
078; Liebig, Kopp's Ann. Rep. 1847-1848, 2, 367, .375; Bibl. IJniv. Archives, 
1847, 4. 28, 

4. Dinid. Poly. 1846,102, 167. 

5. Compt rend, 1846, 23, 980, 1099; J. prakt, Chem. 1847, 40, 418; 
Photo Jahr. B. 17, ,30; Bull de la Soc. d’Enc. 1847, 65; Compt. rend. 1846, 
23, 082; Berz. Jahr. 1849, 28, 348, .349; Annuaire de Chimie, 1847, 3, 454; 
Berz. Jahr. 1849, 28, 349. Compt. rend. 1849, 28, 269; Liebig, Kopp’s Ann, 
Rept. 1849, 3, 326; Uingl. Poly, 1849, 111, 436; Poly. Centr. 1849, 15, 686; 
Jahr. Chem. 1849,2,474. 

6. Compt. rend. 1846, 23, 1085. Mechanic. Mag. 1847, No. 1239; 
Uingl. Poly. 1847,'l05,156. 
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deduced that, representing cellulose according to Payen us 
CijHjoOio.'the’nitrocotton “loses one equivalent of water and three 
e(]uivalents a( n^ric acid.” '1'. Ransomc,' J. Gladstone,- h'diling,^ 
P. van Kcrckhoff and I'. Reuter,* V. Hecker and K. Sclnnidt,'’ 
M. C’cttcnkofer® and J. I’elouze,’ independently, analyzed gun¬ 
cotton, but from their analyses fonnulas were adduced of wide 
variance. 

P. van Kcrckhoff reported" that guncotton is profoundly 
iiKKlilied upon heating to explodes at bW" when rapidly 

heated, but when heated slowly passes lS(t° without def¬ 

lagration. R. Porref and with Iv. Tescheniacher,"'heated slowly 
from :iS‘’ to ()7°, guncotton dissohed in nitric acid, obtaining a 
limpid liiiuid without gas evolution, from which the guncotton 

I. Phil Mag I.SIT, (.'!), 30, l.Jahr CluMii I.SIT I.St.S, 1, 1 l.'C; I.Uhig, 
Kojip's Ann Ucp IHt7-hsas, 2, .'1(1(1 C Marr. J Clnni nied May, IK.V). 
Chein (',az. l.S.'iO. No IT."), Dingl I’olv l.S.-)(t, 116, -t.-iO, 472 (1 Man. 
Ihngl Poly 18.57, 145, 7:i 

2 .Mem Chein S(K’ IJCtH. 3, -412. Pharm. J Trans 11, till. 13, 21.5; 
Phil Mag. 1,847. (:i), 31, .51!), Jahr Chem 1.847-I.SI.S, 1, I l.'iP, Jahr Chen). 
I.S,5:i. 6. .5.50. Her/ Jahr 184,8. 27, 417. 1X40. 28, :i.5;i Keinseh. Jahr 
Pharm 1X40, 18, 102, Kep Phann 1840. Cli. 3, (1, Pharm CeiUr 1X40, .50(1, 
Jahr CiTcm 1.840. 4(10; Her/ Jahr 1.8.51, 30, 1171, .'treh Pharm 18, 271, 
J prakt Pharm 1.840, 47, 477, Poly Centr 1.840, 15, 4(17, Dmgl Poly 
1X40, 114, 4:12 

.'i Umgl Poly. I.S47. 103, 220, 221, laihig and K.i|i|)'s Ann. Report, 
1X47 I.84X, 2, litlO, Jahr. Chem 1X17- t.XIX. 1, 11:12 

4 J. prakt Chem 1X47, 40, 2(12-2X4: Co,npl tend 1,84(1.23,111, 
1X47. 24, 40. abst. I.iebig, Kopp8 Ann Kep 1X47 1X1.8. 2, :i(l:i, :170, .'171, 
Her/ Jahr. 1849, 28, :146, Jahr Chem 1X47-1X4,8,1, 1120, 11:!7. Compare 
J prakt. Chem. 1847, 40, Ifl.'l. IXIX, 43, 212, Ann JX17, 64, :i01. 

.5 J. prakt Chem 1X47, 40, 2.57, Poly Centr. 1.847,13, .'1(1, biebig and 
Kopp's Ann Report, 1X47- 1X4,8, 2, :i(i4, :17:1, .‘174, Jahr. Chem. 1X47 1X4X, 
1,11:10,1141 . 

(1 Dmgl. Poly. 1X4(1. 102, 44.5, Haver Knnst, Gewer. 1X4(1. .57 Compt. 
rend 1X4(1, No IX, 19, 21, Dingl Poly 1X47, 103, 42, 4.8 Hayer Knnst 
Gew Blatl.Jan 1X47; Dmgl Poly 1X47, 103, 2a), 219, 

7 Compt rend 1X47, 24, 2. Dmgl. I*oly 1847, 103, 22-1; 7*ogK Ann 
1X47, 71, 144 Wag Jahr. 1X64, 10, 2:17. See also Anthenaenm, No 99(1; 
abbt Anier. J. Sei 1847, 3, 1 12. 2.5!l. 

8 J prakt Chem 1847, 40, 284 2X7, 1X48, 43, 242, abst Her/ Jahr 
1X47, 28, 8.50, .8.5:1; Jahr Chem, 1X47-I84X, 1, 1187; Liebig, Kajip’s Ann. Hep. 
1847-1X48, 2, 870; Compt. rend 1X4(1, 23, 1140; Annuaire Chinii?, 1847, 
3, 4.54. Pharm. Centr 1847, 690. Ann. 1847, 64, 391. See. also J. prakt. 
Chem 1847, 40, 198; 43, 242. 

9. Phil. Mag. 1847, (3), 30, 409, Chem .Soc Mem. I848,*3, 287, J, 
prakt. Chem 1847, 41, 2(18; Chem. Centr. 1847, 18, (189, Jahr Chem 1847- 
1848, 1, 1138. Sec Tcschemachcr, Phil. Mag 1847, (8), 30, 2.58; Liebig. 
Kopp’s Aim. Rep. 1847-1848, 2, 370; Mem Chem Soc 1848, 3, 2,53. 

10. Phil. Mag. 1847, 30, 278; Mem Chem Soc. 1848, 3, 2.58; Jahr. 
Chem. 1847-1848,1, 1141. Chem. Gaz. No 101, 28; abst. Berz Jahr. 1848, 
27, 422, 423. Kalindt, Pogg. Arm. 1847, 70, 168; Berzf Jahr. 1849, 28, 351; 
Jahr. Chem. 1847-1848. 1137; Dingl. Polv. 1847. 103. 214. 
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was precipitated in a powdery form without change in properties. 
P. Weiss' endeavored to determine by calculation tHe effect of 
guncottoij in relation to ordinary powder, but “as the author’s 
statements arc based upon the .somewhat inaccurate analysis of 
Kchling, we refrain from following him int;() the details of '.lis 
speculations." 

Wartmann,- Talbot,* Schroder,' B. Silliman,'' Mosander,® R. 
Oxland,* Kindt,* Berthault,® Bacon,'® Coathupe," T. Adams,'* C. 
Despretz,” contributed desultory results to this subject in 1S47. 
W. Reid" refers to a German botanist, Ilartig, as the discoverer 
of nitrocellulose, he (Hartig) having in 1<S47 dissolved guncotton 
and used the product as a propellant. 

K. llomonte and Menard determined the solubility of nitro¬ 
cellulose in ether,"' Richicr in methyl and ethyl acetates,'® while 

! Diiigl. I'oly 1H47, 103, .'i70, and Kopp'sAnn Kept, 1847-1848, 
2, .•i7,'i; Jahr. Chem. 1X47 IX4X, 1, 1118 Miarm Ztg. IXill, ll.'i, Wag. Jahr 
181)I, 37, 7411, 

2. Arcli.pli.uat 4, l!);i. Jahr Chem I.X47-1X48, 1, 1144, Licliig, Kopp’s 
Ami. Kept. 1847- IX4X, 2, 37(1. 

.•1, Diugl. holy. 1.S47, 105, Et.S, Kept hat liiv , July 24, 1847. 

4. Mamihcimcr C.cwerhc. Watt. 1X47, No. 12 and 13, Dingl. holy. 
1847, 105, 74; 1848, 108, 4(1,S. 

■'i. Ainer. J. ,Sci. 1847, (2),,,3, 102 

(i Ocfvers. at K. Vet. Kocrhandl III, 2110, her/ Jahr, 1X47, 27, 416 

7. Chem. Caz. 1X47, 340, Dingl. Poly, 1847, 106, 76, Liebig and Kopp’s 
Ann Kept. 1847-1X48, 2, 375. 

8 hogg. Ann. 1X47, 70, 167; Dingl. holy 1847, 103, 214; Liebig and 
Kopii's Ann Kept 1847-1848, 2, 370. Berz Jahr 1840, 28, 3.51; Jahr 
Chem 1847-1X48,1, 1137. 

1) Compt rend 1847, 24, .566. 

1(1. Amer J. Xci. 1847. (2), 4, 44.5, hroe Hoston S<k. Nat Hist. 1847, 
105. 

11 Phil. Mag 1847, (3), 31, 152; Liebig and Kopp’s Ann Kept 1847- 
1848. 2, 374, Jahr. Chem 1847- 1848,1, 1142 

12. Amer J. Sci. 1847, (2), 4, Kill. 

13. Compt. rend. 184(1, 23, 678 

14 W. Reid says (J S. C, I Hill. 30, 8.51; abst C A 1911.5,3341): 
■‘1 was not the first, however, to dissolve nitrocellulose and utilize the product 
for propulsive purposes Fifteen years before, the process had been worked 
out, 1 learnt that a German botanist, Hartig, had made experiments in this 
dircetion in 1847 The pamphlet to which he refers in his experiments is 
exceedingly rare; I know of only one copy in Great Britain, and I have been 
unabR to obtain it in Germany, therefore my ignorance on the subject in 
1881. may. perhaps be excusable " 

15. Compt. rend. 1840, 23, 1087; 1847, 24, 80. .390; Amer. J. Sci. 1847, 
(2), 4, 140; Phil. Mag. 1847, 31, 519; Berz. Jahr. 1849, 25, .348; Jahr. Chem. 
1847-1848, 1 1136; Rec. Trav. 1847, 104; J, Pharm. 1847, (3), 12, 159; Fogg. 
Ann. 1847, 71, 144; Liebig and Kopp's Agii. Report, 1847-1M8, 2, 367; 
Chem. Centr. 1847, 18, 892; Ann Rep. Chem 1847-1848, 377; Annuaire de 
Chimie, 1847, 454. 

10, Compt. rend. 1847, 24, 392, Berz, Jahr. 1849, 28, 348; Jahr. Chem. 
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Sourisseau,' Uepage* and C. Grttel* critically examined the prop¬ 
erties of nitrocellulose ether-alcohol solutions. 

Morin* cited many erratic instllnces of the propulsive power 
of guncotton, in which, by too rapid combustibn, firearms had 
been burst. W. Crum* proceeded in a circumspect and careful 
manner in nitration experiments, commencing with the prelim¬ 
inary preparation of raw cotton. He employed fine Sea Island 
fiber, which was carded, bleached, boiled in caustic soda, and 
finally digested with dilute nitric acid. After each operation, 
the cotton was placed in a filter bag and exhaustively washed. 
Wien thus purified it had lost in weight and contained 

but 0.09% ash. In order to convert the cotton into nitrate it was 
dried and introduced in little parcels of 10 grains each, while 
still warm, into one ounce of acid mixture, consisting of sulfuric 
acid (l.Sl sp. gr.) and nitric acid (sp. gr. l..')17) in the ratio of 
one to three by volume. The nitrocolton contained 0 22%, ash, 
and appears to have been unusually stable. 

Pelouze in IS 10 (see p. loOO) made an exhaustive series of 
careful experiments on the production and ballistic properties of 
guncotton, and clearly set forth that the properties are radically 
influenced by impurities and extraneous matter. Just as in gun¬ 
powder, the density, and shape and size of the granules alters 
their properties, Pelofizc ilemonstrated yie period of nitration, 
and the degree of initial purification of the cotton, influenced 
markedly the uniformity and stability of the nitrocotton. 

Kamarsch and Heeren,® as well as A. Knop,’ allowed the 

1H47-1848. 1, 1139; J. Pharm (3), U, 203, J. Chim. Med. (3), 4, .Ml; J 
prakt Chcra. 1848, 44, 370; Lici>ig& Kopp's Ann. Kept. 1847-1848, 2, 372. 

1. N. J. Pharm. 1848, 14, 417; Dingl. Poly. 1849, 111, 431. Liebig, 
Kopp's Ann. Kept. 1847-1848, 2, 372, 373. 

2. J. pharm. (3), 14, 420; abst. Liebig, Kopp’s Ann. Kept. 1847-1848, 2, 
372, 373 Sec Nickles, J Pharm, (3), J9, l.'>8, Jahr. Chem. 1860, 13, 499. 

3. Pogg. Ann. 1818, 75, 333; Dingl. Poly. 1848, 110, 412* Liebig 
Kopp’s Ann. Kept, 1847-1848, 2, 372, 373. 

4. Dingl. Poly. 1849. Ill, 429; Poly. Centi; 1849, IS, 690; Bcrz.'Jahr. 
1849, 20, 350; 1861. 30, 367; Compt. rend. 1849, 23, 105, 144, 446; Liebig, 
and Kopp’s Kept. 1849, 3, 326; J. dc Pharm. 1848, 417. Piolrert and Morin, 
Compt. rend. 1846, U, 811, 9(6, 1001; Annuaire de Chimie, 1847, 3, 464. 
For biography of Piobert, giving also a list and abstracts of his work on gun¬ 
cotton and explosives, sec Rev. 1871, 8, 434. 

6. Phil. Mag. 1847, (3), M, 420; abst. J. prakt. Chem. 1847, 41, 201; 
J. Pharm. 1847, (3), 12, 296; Jahr. Chem. 1847-1848, 1, 1130; Glasgow Phil. 
Soc. Proc. 1844-1848, 2, 163; Ann. 1847, 82, 233, 

6. Dingl. Poly. 1846, IBL 165. 

•l. Chem. Centr. 1849, ^ 801; 18S0» 49; Ann. 1850, 74. 347; J. prakt. 
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cotton to remain for several minutes in a mixture of 2 parts by 
weight of* sulfuric acid and one part of fuming nitSic acid, Knop 
using a mixture of equal volumes of both. P. v. Kerkhoff apd 
Reuter cmployetT one part of cotton to 4,S parts of a mixture of 
equal parte by weight of strong nitric and sulfuric acids, the 
yield being 17(i% on the cotton. All of the above investigations 
were communicated in the years 1840 and 1,S47, and are indicative 
of the tremendous interest which this subject aroused. 

Guncotton Investigations 1848-1850. The writings during 
this period of C. (lruel,‘ 1'. Zantedeschi,'' M. Loam,’ D. Philipp,’ 
Reindl,’ R. Rikli,* Wenedickt,’ Westerling and Staaf,* Wrede,* 
Berzelius,'*’ Combes," are comparatively of minor interest. A. 
.Seguier” showed by carefully constnicted graphs of the range of 
sportsmen’s black powder and guncotton, that the ballistics of 
the latter were incontestably superior for equal weights. A. 
Payen,” Cavilli," li. Souberian'*’ and Sotiris.seau,'*’corroborated 

Chem tetll. 48, .'iOL’, 18.')2, 49, 22.S; Jahr Chem. 1S40. tfiC, Chein. Gaz, 18.S0. 
,S1; Compt. rend i,Slli, 23, <S08. Dingl. Poly HMB. 102, 105. A. and W. 
Knop. J. prakt Chcin. 18411, 48, .802, 1852, 58, :«4; Chem. Gaz, 1850, 81, 
Ann 1.850. 74, .'547, Chem Centr,,,18.52, 23, 121), 428; Jahr Chem 18.52,5,057 

1 Pogg. Ann. 1848, No 10, 14, 75, :53:5; Dmgl Poly 1848, UO, 412 
Liebig, Kopp’s Ann Kept 1847-4818, 2, .'572. 373 

2 (Xtvers. af K Acad. PiK'rhandl. 4, 5; abst Derz. Jahr Chem. 1848, 
27, 418. 

3. li P 1210J, 1810; ahst Dmgl Poly 18t0, 114, 10(i; Kept Pat 

Inv. 1811), 77 1 , 

4. Poly. Centr 1,818, 14, 1533. Berliner. Gew Iml u Handclsblatt. 
29, 151, Dingl Poly 1840, 111, 232, Chem Tech Mitth. 1848-18.50,17. 

5 I’oly, Centr. 1848, 14, 1533 • 

1) J. prakt. Chem. 1810, 46, 101; ahst Berz Jahr. 1851, 30, 308; Dingl. 
poly. 1840, 111, 407. _ ' • 

7. Wenedickt. 'Tvrtindnng. hoehstwichtige, Die Schie.ssbatimwolle eine 
anwessung zul' Bereitung dcrselven," 8. Went, 1840 

8. (X'fvers. af K. Acad Eortiandl. 3,320;abst. Berz Jahr. 1848, 2L 410. 
0. Oefvers.af. K. Acad. Porhandl.3,201;abst. Berz. Jahr. 1848,27,410. 

10 Berz Jahr. Chem. 1848, 27, 410, 413. Ofvers. af Vet Acad. For- 
Iwndl 3, 233, 283. 

11. C'oinpt rend, 1840. 26, 01; Amer J. Sd. 1848,(2), 6, 250; Dingl. 
Poly. 1848, IM, 141; Liebig and Kopp’s Annual Report, 1847-1848, 2, 370; 
Jahr Chem. 1847-1848,1, 1144. 

12. Confpt. rend 1846, 23, 802, 050, 1047. Annuaire de Chimie, 1847, 
3, 454; Majocohi Ann. Fis. Chim. 1847, 25, 110. Rev. Scient. 28, 90; Berz. 
Jahr. 1849, 28, 350. 

13. Compt. rend. 1846, 23, 905; N. Ann. Sci. Nat. Bot. 10, 161; An- 
nuairc de Chimie. 1847, 3, 454. Compt. rend. 1846, 23, 999; Berz. Jahr. 
1849, 28, 348, 350; Annuair de Chimie, 1847, 3, 454. Compt. rend. 1840, 
23, 1088; Annuaire de Chimie, 1847, 3, 454. Compt. rend. 1840, 23, 1090; 
Berz. Jahr. 1848, 29, 350; Annuaire de Chimie, 1847, 3, 4.54. Compt. rend. 
1847, 24, 85; Jahr. Chem. 1847-1848, 1, 1139; Annuaire de Chimie. 1847, 
3, 454.' Compt. rend. 1804, 59, 4'15; Dingl. Poly. jl864, 174, 386; ™y. 
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these result^. C. Mann,' first bnnuflit out the facts that the 
percentage of \tater in the nitric-sulfuric acid mixture influences 
greatly not only the yield, but the solubility of the product as 
well, and laid down definite rules for the fonnation of nitrocotton 
of maximum sohdnlity in named solvents and solvent combina¬ 
tions. 

C. Marx- carried out careful experiments of the temperature 
of inflammation of guncotton, and determined that guncotton 
"prepared in the ordinary maimer” may explode from (id'’ uj) to 
HI'’ and above, depending upon the speed with which the tem- 
l*rature was raised in making the deterinination. About this 
time Maurey,’ "who had been engaged in the manufacture of 
guncotton on a large scale,” published the fact that whereas a 
kilo of guncotton cannot be prepareil for less than 7 francs, and 
the same amount of blasting gunpowder costs 1.17 fr. and fine 
gunpowder fr., to jiroduce an eipial effect for the same pria‘, 
guncotton must exert six times the effect of the former and three 
times the effect of the latter. Three gm. of guncotton, however, 
produces the effect of only .') gm. of extra line gunpowder. Maurey 
observed that decomposition of guncotton was hastened by the 
presence of sin.all traces of sulfuric acid in it, "since this acid is 
never completely removed by washing with water,” and that 
when washed with alkaline water, explosj^m was prone to occur, 
as his practical experience could attest. 

Along the lines of attempting to utilize nitrocotton in solution, 

Ceiitr IXti.s, 31, IlMl- Jahr Chcni IH(i.|, 17, .STO, Wag, Jahr IHti-t, 10, 24.'). 
Bull Soe d’Kneour. 18()H, 714, Unigl Poly 18011.192,07 

14 Oefvers. at K. \’et Acad t'oerliaiull 3, 821,al)st Ber/.. 5ahr. Chem. 
1848. 27, 418. 

1.') N. J. Pharm. 1848, 14, 20:i, Dmgl Poly, 1818, 110, 414; Clicin. 
Tech. Mitth. 1848-18.')0, 17. 

IG. N. J Pluarm. 1848, 14, 417, Dmgl Poly 1840, 111, 484 Jahr 
Chem. 1847-1848,1, ll.'iO. • 

1. Compt. rend. 181)0, 30, GG7, Poly. Centr. 18,10, 16, 1020; Dingl. 
Poly. 18.10,116,47.8. Peter.sb. Acad Bull. 18.18, U) 2(KI, Ann 18,18, 88, 
8.11: Pharm. J. Trans. 18.13, 13, 08; J Pharm. 18.13. (3), 24, 371; Poly. Centi. 

1.8.13, 19, 1002; Chem. Centr. 18,1.3, 24, 30.3, Dingl Poly 18.13, 129, 114; J. 
prakt. Chem, 18.13, 59, 241; Amer. J. Pharm. 18,13, 25, .120, Jahr. Chem. 

18.13, 6 , 547. 

2. Pogg. Ann. 1840, 78, 100, .360; Jahr. Chem. 1849, 3, 32.1; Berz. 

Jahr. 1851, 30, 308; Poly Centr, 1849, 15, 1 tO.',, Dingl Poly. 1817, 145, 
73, Poly. Centr, 18.17, 23, 1170 * 

3. Compt. rend. 1840, 28, 343; Liebig and Kopjr’s Ann Rep. 1849, 

3, 325; Poly. Centr. 1840, IS, 6^; Dingl. Poly. 1849, 112, 138; Berz. Jahr. 
1811,^,366;Jahr. Chem, 1840, 2, 471. • . • 
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are the colhxlion experiments of E. Parrish,’ J. Lei(Jy,* J. Las- 
saigne,’ Jt Edwards,’ E. Dnmonte and Menard’ 'and H. Vohl.® 
Their work was more along pharmaceutical lines, in endeavors,to 
extend the usefulness of nitrocotton as a protective covering, and 
as a comimnent of antiseptic dressings. The publications of 
Svanbcrg,’ A. Strecker,* and the work of v. Frankenstein* were 
more in the nature of a critical digestion of work already disclosed. 

Guncotton Development, 1851 to 1860. In the biennial 
period 1851 T8.>2 appeared the investigations of F. Heeren,’* 
Krell,'' J. Bingham” and G. Winkelblcch,” disclosing nothing rad¬ 
ically new. O. Eivonius” distinguislted by methods of preparatiorf, 
how ether-soluble and ether-insoluble cellulose nitrates might be 
prepared, and described a method of formation on a commercial 

1. Anicr. J. rhurni. 1840, 21, 289. .See K. Parrish and W. bivermore, 
Amcr. J. Pharm. U, 181. 

2. Amcr. J. Pharm. 18.90, 22, 24. 

3. J. Chim. Med. 1848,541; UinBl. Poly. 1848, 110,65, Chem. Tech. 
Mitth. 1848-1800. Hi 

4. Amer. J. Pharm 1849, 21, 233; Jahr Chem. 1840, 3, 27; J.'Chim. 
Med. (3), 5, 611; Dili);!. Poly. 1840, 114, 167; Jahr Chem. 1840, 2, 473 
Brit Assoc Pep 1864, II, 66 .I.iverpool bit Phil. Soc. Proc. 1854-18.56, 
9, 10 

5. Rec dcs Trav dc la Soc. il’Hmul. J. Ics Sci. Pharm 1847, 104; 
Amcr. J. Sci. 1848, (2), 5, 265 

0. Ann. 1810, 70, 300, Poly. Centr. 1840, 15, 1464, Amcr. J. Sci. 1849, 
(2), 8, 117; bond. J. and Repert, 34, 2.S0, Technologist, I.iebig and Kopp’s 
Ann. Kept. 1840, 3, .326; J^hr. Chem. 1810, 472;'Berz. Jahr. Chem. 1851, 
30, 308. Ann. 1866, 99, 126; J. prakt. Chem. 1856, 69, 209; Ann. Chim. 
Phys. 1856, (3), 48, 380; Arch. ph. Nat. 33, 1.53; Jahr. Chem. 1856, 669. 
Ann. 1858, 105, 330; J. prakt Chem. 1858, 75, 125; Chem. Centr. 1858, 
29, 440; Jahr. Chem. 18.58, 11, 489. 

7. Oefvers. af K.Vct. Acad. Fdcrhandl. 3, 322; 4, 51, 52 Betz. Jahr. 

1848, 27, 380, 417; 1840, 28, 3.53; Chem. Centr, 1848, 19, 702. Sec Svanberg 
and Staaf, (Xfvers. af. K. Vet. Acad. Pocrhandl 4, 171; 5, 4; Berz. Jahr. 

1849. 28, 360, 361; Jahr. Chem. 1849, 2, 160; 18.5f), 9, 682. Wag. Jahr. 1861, 
7,234. 

8. Ann. 18-18, 69, 111; 18.50, 73, .59 ; 74, .347; Chem Centr. 1850, 21, 

49; Ann. rep. Chem. 1849, 3, 323; Chem Gaz. 1850, 149; Jahn Chem. 1856, 
9, 062, ' 

9. Die Schicwbanniwolle; Ihre chem. physks. Eigemschatten und 
Wirkutig. Nebst. Anleitung .zur Erzeugung der Schiessbaumwolle, etc., mit 
Holzschn. 16; Graz. 1846. (beipzig, G. Wigand.) 

10. Mitt. Hannover Gewer. 1852, 64, 65; 1856, 1.58; Dingl. Poly. 1862, 
125, 208; 1856, 141, 279; 1866, 180, 406. 

11. Reiehke's Wochenblatt, 1852, No. 7; Dingl. Poly. 1852, 123, 455. 
Technologiste, ia52, 249; Dingl. Poly. 1852, 124, 64. 

12. Compt. rend. 1852, 34, 725; Dingl. Poly. 1852, 125, 28; Ann. 1852, 
84, 173; Jahr. Chem, 1852, 5, 210; J. prakt. Chem. 1852, 56, 485. 

13. J. Pharm. 1850, 428; Dingl. Poly. 1851, 119, 318. 

14. Archiv. d. Pharm U, 271; Berz. Jahr. 1851, 30, 369; J. Pharm. et 
Chim. 1849, (3), 15, 468; 16, 122. • 
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scale of nitrocotton entirely soluble in ethyl acetate. He observed 
that • ethyl* acetate solutions of nitrocellulosi- did not ixissess 
the adhesi\*e imd agglutinating qualilies as the solution in ether. 
The etheroxylin (ether, fyrovyhn) cf J. v. Winiwarter' was pro¬ 
tected by patent is.suance, consisting of pyroxylin 7,') in ether 100 
parts (an impossibly heavy .solution) which was to be used as a 
nipple for firing gun matches, when combined with mercury 
fulminate. KClftj and charcoal. 

During 1K.').'{ 1S.")4 appeared the first contribution to this art 
by A. Bechamp,^ followed by Hamolatsch,’ Hirzel,' T. Wt«xls,‘ 
K. Hadow" and Bredschneider.' Bechamp by the action of re¬ 
ducing agents on guncotton, came to the conchision that the 
latter was an ester of celhdose, and this important observation 
has since rcitcatcdlv been verified. 1‘urtliennore, he engaged 
him.si'If with the problem of determining the number of distinct 
nitrocclluloses which are ca])ablc of existence (see p. 1().)0) and 
admitted the existence of three definite compounds. These two 
generalizations had a far-reaching significance. It was the begin¬ 
ning of the establishment of this art from a chaotic cm]Mricism, 
to a well defined and logical basis, and undoubtedly paved the 
way for the more exact measurements and generalizations which 
were so soon to follow. The P. Beran' ])atents for commercial 

1. E I>. im’i, lX.'i2, K P ;«)»), l.S.-,:!; aijst Meehan Max 57, 13.'),21fl. 
2 Compt. rend. Kt.52, 35, 47't, Ding! ^ily l.H.')2, 126, 11-1, Jnstit. 
lH.'j2, 318; Pharm. Centr 1X52, .823; Jahr Cnciii 18.52, 5, <!.5S; J prakt. 
Chem 18A8, 58, 1.5, Ann Cliiin Phys. 1,8,V1, 37, 207. Chcni (lar . Nov. 15, 
18,52; Araer. J Pharm 1853, 25, 1.5(1; »N' J Pharm 1,8.52, 22, 4tO. Chem. 
Teeh. Mitth, 18.52-18.>t, Iti-l Compt rend 18.53, 37, 1.34, Tnstit 1.8.53, 
2fil; J. prakt. Chem 18.53, 60, 1.87. Pharm. Centr. 18,53 , 703; Poly Centr, 
18.53, 19, 887; Jahr Chem. 18.53, 6, .5.50, Araer. J .Sci. 18,53, (2), 16, 406. 
Ann Chitn. Phys. 18,56, 46, .338. Compt rend. 18.55, 41, 8I7| Ann. Chim. 
Phys. 1856, 46, 3.38, J prakt Chem 18,56, 68, 51, Jahr. Chem. 1855, 8, 681 
Compt. rend. 1856,42, 121.3, Inst 18.56, 235; Jahr Chem 18.56, 9, 674, Ann. 
18.56, UO, 367; J. prakt. Chem. 18.56, 69, 440 Compt rend. 1860, Sl, 257; 
Zts. Chem. Pharm 3, 657. Ann Chim Phys 1862, (3;, 64, 311, .322; Chem. 
Centr. 1862, 33, 885; 1863, 34, 600; Wag. Jahr 1862, 8, 280; Jahr Chem. 

1862, IS, 469; 186.3, 16, .568, Rep. Chim Pure, 1862, 4, ,3,58; Bull Hoc. Chim. 

1863, 5, 289; Ann. Chim. Phys 18.55, 44, 311, 18.56, 48, 4.58. 

3. Phot. Jahr 18, 77. 

4. Techn Zts. 1856, 2, 213. 

5. BibI Univ. Stippl. 26, 3.57; Dingl. Poly 18,54, 134, 126, See Phil. 
Mag. 1854, 213. 

6. Poly. Centr. 1853, 19.1471; Quart J. C. S 1854, 7, 201; J. prakt. 
Chem, 1855. 64, 169; Chem. Centr. 1855, 26, 202; Dingl. Poly. 1855, 136, 
.397; Amer. Drug. Circ. 8, 123; Jahr. Chem. 1854, 7, 826. 

7. Arch. Pharm. Is4, 274; abst. Poly. Centr 1856, 22, 383. 
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employment of collodion as varnish and lacquer were .issued;' 
J. Spillcr and W. Crookes® disclosed useful intonnalion on the 
preparation/)f nitrocelhiloseS especially suitable distinct pur¬ 
poses, while J, Gladstone' published his accumulated experience 
of four years’ observation of the gradual decomposition of gifh- 
cotton. He made careful analyses in attempts to classify the 
nitrated celluloses according to the nitrogen content (see p, lOdll), 
but his analytical results have been called in question by subse¬ 
quent workers. In conjunction with J. Russel,' a report of the 
guncotton as introduced by the Austrian Government for fdling 
hollow projectiles was made—being an exhaustive epitome of the 
existing information up to that time. ^ 

In IS.').") were issued the patented processes of b'. Joyce,'! J. 
Norton'’ and F. Prince’ for the employment of guncotton as a 
protective covering for percussion caps, and the preparation of 
cartridges. Delahaye,'Cutting,® v. Kabo,"’ F. Leblanc" and 
Mansell," madg minor observations. In this year appeared the 
.solid collodion of G. Lloyd," of “extraordinary stability.” Low 
elisclosed details for the employment of collodion in the grafting 
of plants and trees." 

The next year appeared' the work of F. Robic|uct and J. 

1. F. 1’. I.S.SS; al)st. Pole Centr. 1H.S.S, 24, KOIi, Kc|)t Put I)iv 
IH.W, Pil, 1.11; l,s.y), 25, tPi, Poly Centr. 18,')4, 24, to.'); 18,VJ, 25, 4i:!, Civil 
linxiiicer. l.S,'):i. Ki 

2. Phil. Mug. hS.M. :W0, Diiigl Poly. hS.'Vl,' 132, .■Hit). Chem Tech. 
Milth, l«,'-)2 -l854, IW .See also J .Spiller, Chem. News, 180.'), 12, 2(10; ahst 
Hull. Soc. Chim. 1800, 5, 227, Chem. Centr. hSCO, 37, 4.'), Jahr. Cheni. I8G.S, 

18, rm. < 

2. Mem. Chem 8oc. 1848, 3, 412; Pliarm J Trans 11,401,13,21.'); 
Phil. Mag. 18.17, (.2), 31, oUt; Jahr Chem. 1847 1848, 1, IKifl; Berz Jahr 
1848, 27, 417; 1840, 28, :i.''):i Pharm. J Trans 11, 401, Jahr. Chem. 185.3, 
6, 000. Phan.ii J. Trans 13, 2.5; Jahr. Chem, 18.53, 6, .5.50 

4. Chem News, 1803, 8, 141; Jahr. Chem. 1803, 16, 744; Bull. Soc. 
Chim. 180.5, 3, 408. 

.5. li. P. 749, 18,5,5. 

0 Iv. P. 400, 185.5. 

7. li. P. 17.3, 18.55 

8. Bull. Soc. Krany Phot. 1855,1, 165. 205. 

O.s Bull. .Soc. Franc. Plyot. 18.55.1, 210 

10. 1). B. P. 8727, 1870; abst. Dingl. Poly. 1880, 236, 173; J. A C S. 
1880, 2, IftO. Wag. Jahr 1855, 1, 142 

11. Ann. (1. pent. 1.848, (2), 15, 13, 113. See Dessaignes, Compt. rend. 

1851, $3, 462; Instit 1851, 347; Ann. 1852, 81, 251; J. prakt. Chem. 1852, 
55, 33; Jahr. Chem. 1851, 552. . 

12. Cosmos, 6, 265; abst. Poly. Centr. 1855, 21, 630. 

13. Cosmos. 5, OOO; abst. Poly. Centr. 1855, 21, 176. 

14. Dingl. Poly. 1855, 1$5, No. 10; abst. Mon. Sci. 1857-1858. 848. 
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r)tilK)S(|J J. Spillor,- A. Cakiwell,’ ajul L. HofmannA The latter 
increased tlie suppleness of colIiKlion by the addition of small 
amounts of ca*tor oil. 1'. Kuhlnianii' attempted to differentiate 
between nitrocellulose, partly nitrated cellulose and decomposed 
nifrocellulose by the selective action of dyestnffs*thcrcon. 

In 1.S57 should be chronicled the paper of A. Hardwich on 
the preparation of pyroxylin,' and the observations of W. Proctor 
on methods of formation of Pharniacopcial collodions.’ C. Bous- 
licld patented for a foreign client,' as a primer, a detonating com¬ 
position of mercury fulminate and collodion. The next year 
appeared the observations of II. Corbin,’ P. Oaillard,'” and G. de 
^uminc," and the comprehensive article of C. Caspari” on col¬ 
lodion of the Pharmacopeia. O. Sherman in an inaugural address 
to the Philadelphia Colleije of Pharmacy,” yave temperatures and 
coni|)osition of acid baths most suitable for the preparation of 
nitrocellnloses of elhcr-alcohol solubility. 

In l.S,‘)9 ajipcared the investiyations of X. Landerer,” K. 
I'ilhoC'' and Xelson," and the collodion cartridge of J. Macintosh,” 

1 Coiii|>( reiKi l.s.'ili, 43, llitl, UiukI Poly. IK.sfl, 143, 189; abst. 

I’oly C\nli I, Clu'iii IsrjfJ. 3, lt)I. 

2 So Kov 1, ISO Phot Ari-hivfs, JXiir,. -410; Choin Centr. IHekJ, 

37, 4.». Hull StK’ I'Vuno I’hot 1X07,13,101 R Miniscn and I< Schischkoff; 
Ann Phys Choin l.H.'>7, N<i I’filv lX.'tS. 147, 41.'P 

.] Itfliiili iu‘w Plnl J 5, 0X0, W.iK J-'dir 1X.")7, 3, Jahr. Ch^in. 
lxr)JM2, OlO: J Pharm (0). 37, 210 Conipt it-inl isno, 48, 202; J. Pharm. 
lX.Vj, 35, HI, Rep Chnn l^uro, 1, 209, Mon Sci 1X59 -1800.2,804. 

4 Ciicni CfU/ Oft 15. IX5(i, .Arcliiv Miami 137, 14(5, Amer T. 
Phann 1X57. 29, 04, DiiikI I’oly 1X50. 141, 599, Poly Centr. 185(5, 27, 
I170.ClKTn Tech Mi((h 1X50-1X57.18 

5 Compl rend lX5<i. 42, 075. 711. J prakt Chem. 1856, 69, 288, 
2<>5.I)mKl Poly IX.50.142, 221. 1X57, 140, 225, I’oly Centr 18.50.22,658, 
870, Wag Jahr 1850. 2, 527. 529 

0 Hull Soc Franc I'hot 1X57. 3, 545, IX.5X, 4, 20-t, 18(10. 6, 14, 98. 
Poly Centr. 1800, 32, 75. Rej) CInm Appl 1800, 2, (55; Jahr Chem 18(50. 
13, 499 

7 .Amor J Pliarm 18.57, 29, 100, 18()4, 36, 50-1 

X I'. P. 2.882. 18.57. 

9 Hull vSoc. Franc Phot 18.58, 4, 02 

10 Hull. Soc 1‘Vano. Phot. 1.S.58, 4, 551. 

11 Hull vSoc. Franc Phot 1858,4, 174 

12 J and Trans. Maryland. Co I Pharm . June, 18.58; Amer. J. pfcarm. 
18.58.30,571. 

15 Am J J^harm 18,58.30,212 

14. Wittstein Viertcljahr. prakt Pharm. 8, 201; Dingl. Poly. 1859, 
151, 468, Chem. Tech Mitth 18.58-18.59, 27. Poly. Centr. 1859, 25, 1697. 
^ 15. Bull. Soc Franc. Phot* 1859, 5, 1)0 In this connection, see A. 

lUliot, J. A. C. S. 1882, 4, 147, 180; Proc. U S. Nav. bist. 1882, 8, 449. 

16. Bull. Soc. Franc. Phot 18.59, 5, 315 

17. E. P. 2791, 1859; 1295, I860. 
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formed by dipping a mandrel into a solution of guncotton. The 
following year saw the issuance of the J. Lemoine patent' for 
nitrocellulose manufacture, {he nitro-parchment obV.TCletinsky," 
the guncotton formation process of E. Matthew-Plessy,’ and the 
contributions of 'Poitevin,* and of Peschard.V A. Hofmann' de¬ 
termined tlje presence of oxalic acid among the products of spon¬ 
taneous decomposition of guncotton. P. Lepage' and D. van 
Monckhoven* also contributed to the subject. It was in 1860 
that the "white gunpowder” of E. Lannoy & Co., afterwards 
called Lithofracteur, appeared.’ 

While it cannot be controverted that the investigations, 
memoirs and observations upon the general subject of nitrocellij,- 
loses were many and exhaustive in detail, yet during the decade 
1851-18C0 the question of the underlying causes of erratic stability 
was the paramount problem in importance, and but little real 
basic work had been accomplished towards its satisfactory elucida¬ 
tion. Numerous fatal explosions occurring without apparent 
cause had already begun to stamp the hall-mark of disapproval 
upon the use of nitrocellulose not only as a propulsive Hgent, 
but in the peaceful arts as well, and in .some countries due to 
Government apathy and lack of public funds for continuing 
research, interest was decidely on- the wane. 

While it was universally recognized that guncotton po.ssessed 
great potentialities, whej/if ever prepared othigh stability and uni- 

1. F. P. 26629, 47522, both of Nov. 23, 1860 

2. Dingl. Poly. 1860, 156, 38,5; Slumm's lllust Wochenschrift, May 
I860, No. 19. Dingl. Poly. 1860, ISk, 463, Phot Archiv I860, 103. 

3. F, P. 46470, 1860. 

4. Bull. .Soc, Franc. Phot. I860, 6, 115. 

5. Bull, Soc. Franc. Phot. 1860, 6, 161. 

8. Ann. I860, 115, 281; Dingl. Poly. 1860, 158, 237; Wag. Jahr 1860, 
6, 466; Chem. Centr. 1860, 31, 976; Poly. Centr. 1860, 26, 1483; Jahr Chem. 
1860, 13, 499; Rep. Chim. Applique. 1861, 3, 119; J. C S. 1860, 13, 76. Ber. 
1879, 12. 1126. R. Wagner, J. prakt. Chem. 18,54, 61, 125. Dingl. Poly. 
1872, 205 75; Dent. Ind. Ztg. 1872, No. 17. 

7. .See J. Nickles, J. Pharm. 1861, 39, 158; Jahr. Chem 1860, 13, 499. 
See also J. Pharm. Chim. (3), M, 420. Leguier and Clerget, Compt. rend. 
1864, 23, 862. A, Loir. Btlll, Soc, Chim. 1861, 12, 113; Jahr. Chem. 1861, 
729; Amer. Pharm. Assoc. 1863, 11, 145. F. Lucius, Dingl. Poly. 1862, 166, 
63; Chem. Centr. 1862, 925. 

8. Rept. de Chim. Appl. 1860, 2, 2; Wag. Jahr. 1860, 6, 466. Wieck’s 
Gewerbeztg. 1863, 367; Bull. Soc. Franc. Phot. 1863, 9, 145; 1872, 18, 8, 22; 
Dingl. Poly. 1872, 203, 323, 324; J. C. S. 1872, 25, ,532; Photo. Mitth. 1871, 
226; Mech. Mag. 1872,47. 

0. Berggeist, 1859, No. 84; Poly. Centr. 1860, 343; Wag. Jahr. 1860, 
6 , 207. 
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formity in,composition and properties, the (then fanciful) pre¬ 
diction of Scfionbcin that it would eventually supplant gun¬ 
powder as a fire-arm propellant, seemed almost hopeless of real¬ 
ization. Such, at least was the state of public opinion, at the 
commencement of the sixties of the century just past. The 
frciiueut and disastrous explosions of guncotton that shook the 
countryside had shaken the confidence of the people as well. 

Stability of Guncotton, and Baron von Lenk. From ISlil 
onwards, the energies of investigators in this field were focussed 
on the ([uestion of improvement in stability. Among the fore- 
ifiost minds of this jieriod the idea had iiercolated in and gained 
firm anchorage that if the stability of this product was not made 
satisfactory the day was not far distant when guncotton would 
be a chemical curiosity, mentioned in the text-books but not found 
in the trade. 

M. Bonct made some useful observations on the spontaneous 
decomposition of nitrocotlon, and determined its acceleration in 
light.* M. Chevrcul communicated- that he had kept guncotton 
bottled in the dark for over ten years and it remained perfectly 
stable, but aflerw'ards in exhibiting the .sample to some friends, the 
stopper blew out. Rutzki,® A. Martin,'' A. Muller," added their 
(piota towards making the subject more transparent/opaque. S. 
de Luca did some really useful workh(^examined the products 
of the combustion of cellulose nitrate, extracting the explosive 
with water at frequent intervals and making quantitative analyses 

1. Compt. rend 1801, 53, 40,'), Chem Centr. 1802, 33, 512; Jahr. Chem. 
1801, 14, 712; J. prakt. Chem. 1801, 85, iiSO; Rep Chim, Purc#4, 1.5; Wag. 
Jahr. 1801, 7, 517; Dingl Poly. 1801, 162, 182, 187; Poly, Centr. 1881, 27, 
15111; Amer. J. Pharm 1802, 34. 187. 

2. Compt. rend 1801, 53, 407; ahst. J, prakt Chem. 1802, 85, .881. 
.See Jahr. Chem. 1801, 14, 718. Compt rend. 1804, 55, 417. 

3. Oestr. Milit. Ztschr. 1802, 3, 1, 08, 14H;4, 878. » 

4. Bull, de la Soc. Fran, de Phot. 1,881, 7, 142; Rep, Chim. Pure Appl. 
3, 2.57, Jahr. Chem. 1801, U, 712. 

5. Oestr. Milit Zts. 1801, 3, 245. Reimafin’s Father. Ztg. 1871, 298, 
325, ;M8, .383; Dingl. Poly. 1871, 202, 4.58. Dent. Ind. Ztg. 1871, 404; Chem. 
Centr. 1872, 43, 40. 

6. Compt. rend. 1881, 53, 208, 405; Instit. 1861, 275; Dingl. Poly. 
1801, 162, 135, 137; J. prakt. Chem. 1.802, 65, 378; J. Pharm. 1802, (3), 41, 
483; Chem. Centr. 1861, 32, ISllf; Wag, Jahr. 1801, 7, 517; Poly. Centr. 1882, 
26, 221; Jahr. Chem. 1861, 14, 713; Am. J. Pharm. 1«62, 34, 401. Compt. 
rend. 1864, 59, 487; Dingl. Poly. 1864, 174, 388; Poly. Centr. 1865, 31, 197; 
Proc. U. S. Nav. Inst. 1864, SO, 220; Mon. Sci. 1864, 950; Wag. Jahr. 1864, 
3®, Amer. Drug. Circ. Feb. 1866; Am. J. Pharm. 18g6, 38, 179. , 
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of the aqueous extract. Ilis manipulative work w;as viever, but 
his generalizations faulty. » 

F. Fuchs’ dascribed his process of guncytton manufacture, 
“which never permits failure in the satisfactory accomplishment 
of the task.” He “threw in” IS lbs. of niter to 11) lbs. English 
sulfuric acid, stirred with a “wooden club,” and threw in 2 lbs. 
of cotton in “lumps about the size of your fist.” He removed 
acid from the nitrated product by alternate washing with water 
and alcohol. Whether he knew it or not, a step in advance had 
been made in the removal of some of the lower nitrated esters b;^' 
this alcoholic treatment. E. Clarniere-—along photographic lines 
—added water glass to enhance the stability. >So much otherwise 
valuable time appears to have been lost in futile but heated 
polemics over priority of conception (not execution) of alleged 
epoch-making discoveries, that it is dilficult, even in the per¬ 
spective of a half-century elapsed, to obtain a clear-cut and lucid 
conception of the chronological steps in advancement. A diges¬ 
tion of the multiplicity of contributions which appeared up to 
this time, however, points clearly to the fact that the psychological 
moment was fa.st approaching when the subject in its entirety 
must either be abandoned or some radical process must be ad¬ 
vanced for insuring uniformity and stability, in the manufactured 
product. At this critical point Baron von f.enk, partially stepped 
into the breach. 

It seems that von Ltmk, under the auspices of the Austrian 
Government, had been more persevering (or fooHiardy) than 
others, and'had stuck assiduously to the problem of the manu¬ 
facture of guncotton in a commercial manner of accepted uni¬ 
formity in composition and stability. He made a radical departure 
in having the sense of discernment to appreciate tha1; the state 
of purity of the initial raw cotton was the first important step in 
the successful solution of the problem, and he had the personal 
qualities which backed up his convictions by careful and un- 

1. Dingl. Poly. 1802, 168, 6.3; Chcni Centr. 1862, 33, 02,5, 1233; Jahr. 
Chem 1862, 467; Wieck’s Gwz. 1862, 3,51; Jah**. Chera. 1862, 15, 467; Gewer- 
beblatt aus Wurttemberg, 1863, 13, 28 Poly. Centr. ISO!!. U, 270; Poly. 
Notiz, 1864, 19, 12. Hi Hlaaiwetz and L. Pfaundler, Ann. 127, 302; Chem. 
Centr. 1864, 55, 

2. Repert, de Chimi. Appl. Ill, 337. Wag. Jahr. 1861, 7, 253; Poly, 

z'™., tafio J8. 1233. . * 
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remitting work is of prime importance. 

For some‘years previous to IK('>2 v. f,enk had been mami- 
fa<;turing, in connnercial quantities, nitrocellulose subsequently 
used as a bursting charge in cannoii>. It was *fo\UKl, however, 
that these often burst in the bore, obviously due to the sudden 
shock of the discharge exploding the shell charge, it having been 
noted that when gunp«)wder was used to fire the guncotton shells 
no ruptures occurred. On July ill), ISbJ, the luagaziue at Ilirteu- 
berg exploded, and this seems to have linally deculed the Austrian 
governmental authorities to ofiicially abandon guncotton as a 
(k'sirable propulsive explosive. The veil of secreev was lifted, 
and V. benk was allowed to communicate his experience to other 
Powers. Another maga/inc exph ded on vSteinfelder Heath near 
Vienna in iMio, and on October 11th of the same year, the manu¬ 
facture in Austria w’as ofiicially abandoned.’ 

In and patents were granted to him in England 

1« 'W’iiK Jalir 9, lilO, Si’hwei/ jiol z 30, I’oly Ctiitr 

KS(>.'L 29, 1171, ISIM. 30, I IK). (ic\vel)la1t aus WurtlnnhcTK. 

13, 417, Way. Jahr ISlH, 10, Clicni Ctiilr J.S(i4, 35, IHW), Jahr. Cheni. 
IKW. 17, 7t)n. SVi Anu r July a. 18(14. InuKl Poly 1801,178, 145 Cheni. 
Tech Mitth IK).'!. 13, VA, 159, lSO-1 1805. 17(>. Dent. liul. Ztg. 18tW, No 
2li. Cheni News, 18(i2. 0, 180 Way Jahr 18i;.3, 11, 411; Cheni Centr 
1805, 36, 457, Chein Tee Re|) 1805, 4, 11, 117; Poly. Centr. 1805, 31, l(Vt4, 
Dent Ili (iewerhezty 1800. 2.’1 Mondcs. 18()0. 11, K}8, J. C vS. 1807, 

.■117 I'liKiiicenng, 15, 17, Genie 38, 270 See also Rev. <l*Artill. 1872, 
1, 170. Ann Rep H M Tnspec Ivxjtl 1887, 20.^ 

2 }•: I' imU). 1802 In K P 1207. 180:i, J Bickford and O. .Smith, 

guncotton, lirst treated with potassiuin silicate, is used as the center of a fuse 

8 n. P 2720, I8(i8. vSee I- P •PIOO. I8li5 The Umk method of 
manufacture was described m the British Asscxiation for the Advancement 
of Science report of 18(58. by F .\bel, as follows 

(1) The cotton employed is of superior quality, tolerably free from 
seed; it is carded lotisely, twisted, and made u]) into skeins before conversion. 
The strands of the cotton composing (he skeins aic of two sizes the larger 
being intended for cannon-cartridges, and the other for small-arms cartridges 
and bursters 

(2) Prcparalory Preparation of the Cotton. The cotton, made-up into 
skeins weighing about 8 ounces each, is washed in a solution of pure car¬ 
bonate of potassa of the specific gravity 1 02, being immersed in the bailing 
solution for a short time. Upon removal from Iht alkaline liqiiir^ the skeins 
are placed in a centrifugal machine, by which the greater poilion of the 
liquid is ^*paratcd. The skeins are now washed in clear running water, either 
by allowing them to remain m it for three or four hours, or else by washing 
each skein by hand for a few minutes. They arc then again worked in a cen¬ 
trifugal machine and afterwardsidried—m summer by the rays of the sun, 

r”*^*”*’ ^ drying-house heated by air pipqs to iKtwecn 30® and 

do C.; the latter plan usually takes four or five days 

(3) Production of the Guncotton. The nitric acid employed has a spec, 
l sytl the sulfuric acid a spec. grav. of 1 82. They are mixed 

m the proportion of thr^^ parts by weight of sulfuric adld and one part of 
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in the name of J. Revy, and the same year, with officinal sanction, 
he came to England and described his methods of guncotton 
purification to a delegation of the British Association.' A fac¬ 
tory was erected By Prentice & Co., who started the manufacture 
of “Baron Eenk’s improved guncotton” at Stowmarket, but an 
explosion occurred there soon after. In the United States the 
Ecnk patent was granted in 1804.' 

The earlier work of v. Lenk. from a chronological viewpoint, 

nitric acid. 

Two skeins (about 6 ounces) of the cotton are immersed at one time in 
the mixed acids, and moved about for a few moments with iron paddles. 
They are then raised upon a grating al>ove the level of the acids and sub¬ 
mitted to gentle pressure; thence they are transferred to covered stone jars, 
each of which receives six skeins of known weight. The jars are then weighed, 
some of the mixed acids being added if necessary, to liring the proportion of 
acids up to IOV 2 lbs. to 1 lb of cotton 

The jars are set aside for forty-eight hours in a cool place; in summer 
they should l>e placed in cold water. When that period has elapsed, the 
acid is separatcc^from the cotton as far as pos.sible by means of a centrifugal 
machine, as before described. The men working the machine are protected 
from the fumes of the acids by a wooden partition. The acids removed 
from the cotton are not used again in the preparation of guncotton. " 

The skeins of guncotton arc at once removed from the centrifugal ma¬ 
chine to perforated receptacles, which are immersed in a stream, where 
they are allowed to remain at least three weeks. Each skein is afterwards 
separately rinsed in the stream to remove mechanical impurities, and the 
water is then separated by the centrifugal machine. 

The guncotton is next submitted to treatment with a .solution of car¬ 
bonate of potassu, as in the preliminary procc.ss. and again washed after the 
alkaline liquid has been cxyre.ssed. When the skeins have been allowed to 
dry tolerably by simple exposure to air, they are placed in a large wooden 
tub containing a solution of silicate of soda, the temperature of which is 
about 15® C. This solution should,have a specific gravity of 1.072, and is 
prepared as required from a solution of spec. grav. 1.216. The cotton re¬ 
mains one hour in the solution of silicate of soda, which is supposed to exercise 
two functions: 

(a) That of protecting the cotton by acting as a varnish upon the fibers. 

(b) That of retarding its combustion. 

Upon removal of the guncotton from the bath of water-glass, the liquid 
is partly expressed by hand, and afterwards more fully by means of the 
centrifugal machine. The skeins must then be thoroughly dri#d. They arc 
afterwardo immcrsicd in running water for five or six hours, and each sub¬ 
sequently washed by hand. The water having been extracted by the cen¬ 
trifugal machine, the guncotton is removed to the drying-house, where it 
remains eight or ten days. Its manufacture is then completed. 

The guncotton is packed in ordinary deal boxes lined with paper, and 
kept in dry magazines until required to be made into cartridges, etc. 

Well-organized arrangements are employed for mixing the sulfuric and 
nitric acids, immersing the cotton, and for. conducting the various other 
operations connected with the manufacture. 

1. J. Soc. Arts. 1863. U, 715; 14, 47, 585. Brit. Assoc. Rep. No. 33. 
pp. 27, 33; abst. Jahr. Chem. 1864, 17, 796, 798, 801. 

2. U. S. P. 43166. 1804; abst. Wag. Jahr. 1865, U, 410; Sci. Amer. 
July 9v 1864: Dingl. Poly. 1865, 178, 145; phem. Centr. 1866. 37, 671; Poly. 
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is not clear. It seems that in 1852 the Austrian Emperor ap¬ 
pointed a (xJmmission to inquire into the proposed application of 
guncotton ter jnilitary purposes, which interruptedly txmtimied 
to sit until 1805. In 1853 a factogy was erected at Hirtenberg 
to‘exploit the Lenk method of manufacture, whefcin the purifica¬ 
tion was more elaborate and thorough than in the original SohOn- 
bein process, for, instead of merely washing with water until 
neutral, v. l.,enk washed amtinuously for three weeks, then boiled 
for .several minutes with dilute potash solution, followed by im¬ 
pregnation with water glass and drying. Von Lenk constructed 
some batteries of twelve-inch guns to be used in testing the gun¬ 
cotton cartridges prepared by him, but the guns were soon so 
damaged by firing as to be worthless from the viewpoint of ac- 
airacy. About 18(10 bronze guns replaced those previously used 
of iron, and these contained not only guncotton propulsive charge, 
but also had shells containing a bursting charge of the same 
explosive. Often, even these burst in the bore, exidcntly due to 
the very sudden shock. 

Itee United States patent of v. I.enk contains a clear-cut 
description of his process. According to this, the cotton or other 
vegetable fiber is first spun into loose threads of sufiicient strength 
to be easily handled (i. c., carded), then thoroughly boiled in a 
solution of potash or soda, washed and finally dried at 100° F. 
A mixture is made of one part nitric acid by weight, of l.d8-1..50 
sp. gr., and three parts of common sulfuriifacid, the mixture being 
allowed to stand until thoroughly mixed and cooled. The acid 
mixture is transferred to a threc*conipartment cast iron ajipa- 
ratus, one for the main bulk of the acids, one for the immersion of 
the cotton, and one for receiving the nitrated cotton. The cotton is 
next immersed in the nitrating acid in such a manner that every 
3 oz. cotton must come in contact with CO lbs. of the acid mixture. 

The parcels thus dipped, after gentle pressing, arc placed in 
the second compartment, where for each pound of cotton there 
must be 10.5 lbs. of acid mixture. Tli£ cotton is allowetl to 
remain in contact with this acid for a minimum of 48 hours, 
meanwhile being kept at uniform temperature by cooling. The 
nitrated cotton is then pressed, centrifugalized to remove super¬ 
fluous acid, placed in another wringer and thoroughly washed by a 
running stream of fresh water to remove “all the last particles of 
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adhesive acids.” 'I'he cotton is next removed, placed in a trough 
and secured in such a manner that a running Stream of fresh water 
may pass through and over it for at least 14 days. Tc le.sscn the 
time of this operation the nitrocotton may be immersed in alco¬ 
hol, boiled in a solution of common soap, washed and dried. 

The nitrated cotton is next immersed in a solution of water 
glass (one-lb. to 2 lbs, water) of 1,(1!) sp, gr., 0.19S lb, of this 
solution being added to each pound of nitrated cotton. The 
product is then taken out of the solution, exposed to the atmos¬ 
phere for at least four days. This process has the tendency to 
preserve the material and to make its explosive qualities less 
rapid. The guneotton is again washed in soft water free of lime, 
and dried. It will be noted that this method has many points 
in advance of those processes heretofore disclosed. The water 
glass treatment, when properly made, added about to the final 
weight of the nitrocotton. 

benk claimed that where the French had failed was due to 
insuflicicnt appreciation of the extreme care necessary in the wash¬ 
ing process for elimination of the last traces of acid. J. I’elouxe 
and Maurey' went over the entire subject in a painstaking manner, 
and eventually recorded their observations in a monograph.- 
They claimed the identity of the old French product with l.enk’s 
guncotton, apparent from the “irrelevant" silicate treatment, 
and insisted on their fonnula, which rc<iuired 12,Hi'!), N, ami a 
weight increase of 177.7,'I'hcy maintained, contradictory to 
benk, that decomposition occurs more readily the higher it is 
nitrated. J. RusselF' issued a'favorable report on the benk 
process in I.SOd. In lS(i2 were-issued the patents^ to B. Hotch¬ 
kiss,' A. Jolmston and I,. Dow," and F). Potter and J. Pomeroy,® 
for the u.se of guneotton in explosive cartridges, as well as the 

1. Cotnpt reiul. 59, a)))); Mccli Mag 1S)V), 12, 20!); Ami cliini. 

l>!iys !.S«4, (4), $, !.%. Ou-m. Cenlr. lKt)5, 36, )!):), 457, Wag. Jalir )««), 
9, .'ilO; 1864, 10, 2:)4, RiiO Soc C)iim ]864, 2, TO;!; Poly. Ontr 180,5, 31, 
103; Phil Mag. 1864. (4), 28, .5:1.5; Cliem. News, )804, 10, )!)7, 210; Pharm. 
J. Trans. 1804, (2). 7,2)); Jahr Chem 180-1, 17, 708; J. Pharm 1804, (4), 1, 
39; Amcr. J. Pharm. 1805, 37, 36. 221; Dingl, Poly. 1864, 174, 209. 323; 
Les Mondes, 1864, 5, 777. Sec Compt. rcntl. 1849, 110, 146. 

2. Peloiize and Manrey, Memoire sur la poudre-coton (pyroxyle), 
Paris. 1864, 80, pp. 41. 

3. Chein. News, 1864. 10, 102; abst. Bull .Soc. Chim. 1865, (2), 3, 
468; Jahr Chem. 1804, 17, 801 Sci. Amer. JO, 131; Meehan. Mag. 12, 106. 

4. E. P. 1798, 1862. 

5. E. P. 2601, ISb'l. 

6. E. P. 679, 1862. 



NITROCBLWJLOSB THBORY 


.1599 


oitrostarch ettplosive of P. Ucliatius, called Pyroxylam (see p. 
1518).‘ Th^work of F. Hudson* was disclosed in 1S(U. 

F. Abel an(f the Pulping of Guncotton. Preliminary to the 
discoveries of F. Abel, w'liicli were not communicated until 18()5, 
appeared several papers which, in historical scciucnce, merit notice 
at this point. L. v. Karoli’ investigated carefully the gases given 
off by the explosion of nitrocellulose, both in a vacuum and in a 
sealed tube, and made qu.^ntitati^•e estimations of the NO, CO 
and CH< eliminated. G. Simpson obtained pure pyroxylin by 
precipitating an ether-alcohol solution of collodion and repeatedly 
washing. This was an efficient but ex|K-nsive method of purifica- 
tidh,' 

C. Blondeau® expressed the opinion that cellulose in being 
converted into guncotton is changed into its isomeric modifica¬ 
tion, fulminose, which is the main constituent of parchment 
paper, and that the behavior of guncotton with ammonia is a 
confirmation of his view that it is an "ether tribasic alcohol," 
similar ,to cane sugar, the somewhat changeable compound being 
designated as nitroeellulosetriamide. 

T. Sutton* described a guncotton soluble in absolute alcohol 
free from ether, called by him "alkalen," made by <|uick nitration 
at low temperatures, and alleged to be especmlly useful for photo- 

1. OiiiKl Poly. 185-4, 132, .‘171; Per. Wein Akail. 10, 748. Diniil. 
I^oly. I8l)I, lU, 14G, Poly C'enlr. 18(11, 18(17, Pola Kotiz 18(11, .'1011; Wag 
Jahr. 1801, 7, 2.'i4; Jalir Chem, 1801. 14, 2:il. iffll Wax Jalir, 1802, 8, 
280. Wien acad. Per 52, 11. 0, alist. Jalir Cliein 18 (m. 18, 78.') 

2. Dingl Poly. 1801, 162, 150; Chein News, 1801, 4, 105, 140; Jahr. 
Chem 1801,14,001. 

.3 Pogg. Aim. 180.'), 118, .544, llingl Poly 180.'), 168, 1.58; 163, 420, 
J. prakt. Chem. 1803, 90, 120; Phil Mag. 180.'), (4). 26, 200, 272; Viertels- 
jahrschaft. pr. Pliarm 1804, 13, 7.'), Wien Akadcmlxn. 47, .50; Jair. I’haiin. 
19, .313; Chem. Centr. 1803, 34, .500, Jahr. Chem. 18(>3, 16, 744; Poly. Centr. 
1803, 29, 090; Wag. Jahr. 18(>.3, 9, 3(41; Pull .Sik- Cliim 1800, 5, 013. 

4. Amer. Chemist (2), 1, .3.32; ahst. Jahr Chem 1.804, 71, 1020, Poly. 
Centr. 1800, 35, 7.53. . 

5. Ann. Chim Phys. 1803, 68, 402, Jahr Chem. 1803, 16, .507, «Coinpt. 

rend. 1804. 58, 1011; J. prakt. Chem 1804, 93, .318; Jahr. Chem 18f>4, 17, 
560; Instit. 1864, 10.5; Chem. News, 9, 280; Chem Centr. 1805, 36,»44. 
Compt. rend. 1865, 59, tH>3; Chem. Centr, 1805, 36, 470; Dingl. Poly. 1865, 
178, 166; Phot. Archiv. 186.5, 342. Compt rend, 1805, 60, 128; Chem. 
Centr. 1865, 36, 476. Compt. rend. Ijjfl5, 61, 378; Dingl. Poly. 1865, 178, 
147; Chem. Centr. 1865, 36, 997; Chem. Tech. Rep. 1865, 4, I, 116; Wag. 
Jahr. 1865, 11, 412; BuU. Soc. Chim. 1865, 3, 14.5; Dent. Ind. Ztg. 186.5, 
388; Mon. Sci. 1865, 7, 898; Inst,*1866, 299; J. prakt. Chem. 1865, 94, 317; 
96, 64; Poly. Centr. 1865, 31, 1597. . 

6. Rep. Chim. Appl. 1862, 4, 145; abst. Jahr. Chem. 1862, IS, 468, 
Chem. Centr. 1863, 34, 1700. Am. J. Pharm. 1864, 36, 20. 
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(;rapliic purposes. E. Guignet’ found that/)n boiling.nitroccllulose 
for a prolonged time with an excess of ammonia, a brown solution 
is obtained consisting of acetic acid and an arfiorphous, brown 
nitrogencous substance, hardly soluble in water, but soluble in 
acids and alkalis. The fdtered solution “contains a brown sub¬ 
stance, ..precipitable by lead salts, and a considerable amount of 
ammonium nitrite and nitrate. In a later communication,'^ he 
obtained a glycose-like body with alcoholic KOIl, while with alco¬ 
holic ammonia, an amorphous amido derivative results. lie was 
unable to obtain Sutton’s alcohol-soluble cellulose nitrate. Mar¬ 
tin de Brettes,’ (). Bernhard,* Bclitski,’' H. Krone,* A. vSeguier, 
A. Morin and M. Chevreul,’ J. Cartahu,* Wallis,* T. Tichano- 
witsch,"’ and R. Malthys'' made contributions of comparatively 
minor importance. 

’I'he electrical proi)erties of jiyroxylin paper and guncotton 
were reported upon by J. Johnston in lS(i4,'* the solubility in 
cuprammonium solutions by E. Mulder,'* and the use for car¬ 
tridges and explosive combinations by W. Newton and E^. Shep¬ 
herd,'' I. Tice"' and by E. vSchullze."' Percy,'’ E. Varentrapp,'* and 

1 Ccmipt rend ISOa, 5S, .'i.W; Clicm Cciitr I80a, 34, (iSU, Dnigl. 
Poly ISUa, 1$9, 2.'!4, J prakt Chcni ISKi, 89, 2.')1, Zts Clic-m IWili, 6, 191: 
Hull. Hoc. Chilli. hSI'ia, 5, 114, Jalir Clieni IH(i,'i, 16, oCS, Polv. Cciitr 1804, 
29, 8;i(). 

2 Compt rciul ISH.'i, 101, 931; Jalir. Clit'ni 188."). 38, 1790. Wax. 
Jalir 1889.32,319. Sabiiiv, I,vs Moiulvs. 1.894, 4, 499 See also J Cartahu, 
U-s Moiules, 1894, 4, .W2« 

3 Compt rend. 18(U. 58, 99") 

4 Buchners Kept Pharm. 12, 440. Wag Jalir 1893, 9, 959, Diiigl 
Poly. 1894, 171, 230, Poly Ceiitr 1894. 35, 410. 

5 Wieek's Gewerhe/.tg 1893, 94 

9. Bull de iu Soc Fran deaPliot. 1.803, 9, 128 

7. Compt rend 1894, 59, 373, 374; abst Diiigl ihilv 1894, 174, 220, 
221. H. Mills. J C. S 180.5, 18, 319, Chem Centr, 1899, 229 

8. l,es Moiides, 1894. 4, .582 See atso .Sahine, Bes Moiidcs, 1894, 4, 490. 

9. Wicck’.s Oewerbeztg 1894, 320; Deut. Gewerbe Ztg 189-t, No. 40; 
Chem Ceiitr. 1894, 35, 1,590; Poly. Centr 189.5, 31, 1082 

to. Zts Chem. 1893, 6, .5,50, 1894, 7, 482; Jahr Chejii 1893, 16, ,584 
1,894, 17, .582, Chem Centr. 1894, 35, 4(S. 

11. l,es Mondes, 1894, 4, 026 

•12. AinerJ. Sci ISO-l, (2), 37, 115; Dhigl Poly 1804,171,492. Am J 
Sci. 1895, (2), 39, 348. Aust.-Hung P. 387, 1887; ahst Uingl. Poly. 1888 
267, 370. 

13. Sheik Oiidcrz. 3, H, 1.57; abst. Jahr. Chem. 1863, 16, ,568. 

14. H. P. 2759, 1804. 

1,5. K. P. 881, 1803. 

10. K. P. 23.53, 1863. 

17. Chem. Tech. Rep 1804, 3, II, 113 

18. Dingl. Poly 1863, 169, 77. Ditigl. Poly. 1863, 169, 234; J. praki 
Chem 1893,99,2.51. 
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J. RfynoI(Is,'»are among those investigators who also contributed. 

VVlien v» Ivjnk accepted the inviUition of the Itritish Asso¬ 
ciation for the Advancement of S<-ieycc to appear before a com¬ 
mittee apiKiintcd by that body, and to answer ^such questions 
concerning bis mctluHl of guncotton manufacture as they might 
ihoose to propound, and in order to aid him in explaining his 
svstem of manufacture, he brought over from Austria drawings and 
samples from the Imperial factorv.- In addition to this source 
of information this committee had the advantages of the special 
services rendered by two of its members, e. g., I'rankland, who 
was able by his own experiments to corroborate or refute many 
of*the statements of benk, and Whitworth, who made experiments 
on the ap])lication of guncotton in mines, and had sent over to 
.\nstria rilles ami ammunition to be experimented with by v. 
i.enk, with the view of obtaining results of use to the com¬ 
mittee. 

the results of the hearings and investigations of this com 
missioif, the following conclusions were arrived at: 1‘irst carnc 
the clienncal considerations, including the manufacture of gun¬ 
cotton itsell, ami the answer to such impiiries as those which refer 
to its liabihtv or non liability to deterioration on keeping, the 
possibility of its s()ontaneous combustion, and the nature and 
effects of the products t,o which it is resolved on explosion. 

.\s to the chemical nature of the nia^-rial itself, their con¬ 
clusions were that the v. henk gnneotton differs from that usually 
made, in its conversion into a uniform, dcimite chemical coin- 
1)01111(1. As was well known to chemists at that time, cotton when 
treated with strong nitric and sulfuric acids resolved itself into 
compounds varying considerably in comiiosition and constitution, 
although they all contain the elements of nitric acid and arc 
explosive to varying degrees. The most complete combination 
or product of substitution was that described by Hadow as 
C,uHc>i(NOi)803o, identical with the trinitr icellulosc of the^Austnan 
chemists, Ci 2 H 2 (N 04 ).iO,o. While this is valueless for the purposes 
of transformation into collodion, it is Barqn Lenk’s guncotton, 
and as such, is obtained by tjie rigid exercise of certain rnanufac- 

1. Phot. Arch. 1SG4, 184; Wag, Jahr. tag. Poly Centr. 180.5, 

11, Chem Centr. 1805, IS, .‘10.'1. 

2. G MacDonald, Arms and Kxpl. 1900,17, 2.8, 
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turing precautions, the principal amoilg them" being: 

(1) The cleansing and perfect desiccation of tb: cotton as a 
prcliniinary to its immersioij in the nitrating bath; 

(2) Employment of the most concentrated acids; 

(3) Steeping the cotton in a fresh, strong mixture of acids 
after it§ initial immersion and partial nitration; 

(4) Continuation of the steeping for 48 hours; 

(5) Thorough purification of the guncotton by several weeks’ 
washing in running water, and, 

(()) Finally, impregnation with an alkaline silicate as an ant¬ 
acid, and drying at a low temperature. 

The committee makes a special note of the fact that, wEile 
at first blush the prolonged continuance of these processes may 
seem superfluous, it is really essential, because each cotton fila¬ 
ment consists of a long tube, often twisted and even doubled up, 
and the acid has first to uniformly penetrate the inner depths of 
the individual filament, and afterwards removed by protracted 
washing. Hence the necessity of time. It appears to have been 
mainly the improper or insufficient recognition of these facts 
that the guncotton expe»imented on by the French gave irregular 
and unsatisfactory results. F'rom the evidence submitted, it 
appears that the highest nitro compound when thoroughly freed 
from acid is not liable to some the objections w'hich have been 
urged against the cohipounds usxially employed in experiments 
in guncotton fonnation. 

These advantages may 1)6' classified as follows; 

(1) The composition is nnifonn, hence the force of the gases 
generate^ on explosion may be accurately determined. 

(2) It will not ignite until raised to a temperature of at least 
130°, a heat which does not occur unless artificially produced 
by means which would render gunpowder also liable to ignition. 

(3) There is a noticeably marked superiority in stability over 
other forms of guncotton, which have been kept unaltered over 15 
years. Is not prone to that spontaneous slow decomposition which 
has been known to render lower products worthless after a short 
time. There are still more reasons for suspecting that even the 
guncotton produced by the Lenk process undergoes gradual de¬ 
terioration, especially when exposed to the sunlight. 

(4) There is one part of the process, the value of which is 
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open to doubt, i. e., the treatment of the guncotton with a solu¬ 
tion of siliofite of potash, it being considered that the amount of 
silica liberated by the carbon dioxide of the atmosphere is really 
of service in retarding combustion, 

(.5) Much apprehension has been felt aljout the effect of tlie 
gases produced by explosion of guncotton. It has been stated 
that both nitrous fumes and prussic acid are among these gases, 
and the point raised that the one would cornxic the gun, and the 
other poison the artillerymen. In contradistinction, the gases 
liberated have been found to consist of N, CO jand CH4 (light 
carburetted methane), all conii)aratively innocuous. And it is 
distinctly in evidence that practically the gun is less injured 
by repeated charges of guncotton than of gunpowder, and that the 
men are less affected by the fumes. The importance of this latter 
projjerty in a confined area, as a fortress or ship, will be imme¬ 
diately apparent. 

(()) An obvious disadvantage of this material as compared 
with gunpowder is that it explodes at a lower temperature, but 
against the greater liability of accident from this cause is the 
greatly diminished risk of explosion during drying, since gun¬ 
cotton is immersed in liquid, except in the final drying. The 
fact that guncotton is not injured by damp as is gunpowder, and 
is less hygroscopic, is one of its strong recommendations. 

(7) A still more important chemical rfdvantage is its perfect 
resolution into gases on explosion, so that there is no smoke to 
obscure the sight of the soldier who is firing, or to point out his 
position to the enemy. No residue remains in the gun to be 
removed before the next shot may be fired with safety. ^ 

in the practical application of the nitrocotton it is recom¬ 
mended that it be used in artillery in the form of spun tluead or 
yam. In this simple form it will conduct combustion slowly in 
the open air at a rate of not more than one hxit per secoi5d, and 
when woven or spun into a texture or circular web of varying 
diameters, is suitable for the manufacture of commotf rifle car¬ 
tridges, merely by cutting them into the proper lengths and en¬ 
closing them in stiff pasteboard cylinders which form cartridges. 
In this form its combustion In the open air takes place at a speed 
of ten feet per second. It is largely upon tfiis report, and the 
character of those whose signatures are appended thereto, that 
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may be said to mark the commencement of the reduction to 
mathematical terms of accj,iracy the stabilizing and manufacture 
of nitrocellulose for military^ purposes. K. Kopp,‘ and Redten- 
bacher, fichroetter and Schneider* have published critiques on this 
report. „ 

Iv. Divers* kept guncotton in stoppered containers for two 
years, but on opening found .much gas escaping, mostly NO. 
lie considers the decomposition products to contain pectic and 
parapectic acids, but oxalic acid could not be detected. 

Preliminary to the methods of nitrocellulose purification de¬ 
vized and put into execution by 1'. Abe!, the 1802 patent of J. 
'ronkin'' should be noted, in which the pulping of nitrocotton “is 
described in detail. After dcscriliing the production of gun¬ 
cotton by his process of nitration. Tonkin says: “The cotton is 
to be washed in a continuous flow of water and well agitated or 
stirred therein, till the water does not indicate the presence of 
any acid. The cotton has now to be pressed to free it from 
water as much as is jiracticable, and in order to insure its, being 
perfectly free from uncombined acid, it is dipped in a very weak 
solution of potassium carbonate (1 oz. of K.^CO, per gal. water), 
'file liber is then taken in tlif wet state and converted into pulp 
in the same mamier as is practiced by paper makers, by putting 
the fiber into a cylinder having rapidly revolving knives.” Al¬ 
though it is true that 'Vonkin does not chum the pulping of nitro¬ 
cotton in his patent s|)ecification, his description is clear-cut and 
comprehensive. Ilis pulped giincotton was mixed with sodium 
nitrate, charcoal and sulfur in the fabrication of explosives. 

Previous to the granting of'his patent for the pulping of 
nitrated cellulose, F. Abel had published results of his investiga¬ 
tions in 1S()2,'’ ISii.'P and bSfit,’ in which latter year appeared 
I. Cheni New.s, 181).'!, 7, 141; abst. Rep. Chitn Appl. 18(i.’l, 5, .188. 
Mon Sci 1.H74, 16, 4<)!l; Wag. Jahr 1874,20,423. 

2 Kept 11, lirit. As,soc Reports, ,11; Jahr. Chem LKH, 17, 797. 

1. .T C. S. 18(>3. 16, 91, Chem Centr, 1891!, 690; Pr<K Amer Pharin 
Assoe', 1804,^11, 144; Jahr Chem 1803, 16, ,509; Chem, News. 1861, 7, 154; 
Zts. Chem. Pharm 1801. 217; J. prakt. Chem. 1864, 91, 58; Bull. Soc. Chim. 
1864,1, 40 J S C. I. 1902, M, 297 

4. K P. 320, 1802; abst. Mon Sci 1910,72,728. 

.5. Chem News, 1862. 5, 270; Rep. Chim. Appl. 1862, 4, 262; Wag. 
Jahr. 1862, 8, 273 • 

0 Rep. Chim. Api)l. 1861, 388; Wiirttemberg Gewerltebl 1863, 417; 
Poly. Centr 1863, 29, 1045. Wag. Jahr. 1863, 9, 310. 

7 Rep. No. 33. Brit Assoc, Rept, page 8; abst. Chem. Centr. 1864, 
35, 9011; Jahr. Chein, 1864, 17, 796, 
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his memoir tii the Proe'cedings of the Roytd Society on the in¬ 
flammability; and combustion of guncotton,' using the process of 
the large’scale mantifacture of which resulted in a yield of 
IT* parts, against a possible ISli jTarts on theory of trinitrate 
formation. He studied the luminous phenomena e.'diibitcd by 
the ignition of guncotton in smalt (piantities in rarefied atmos¬ 
pheres, and the products of primary and secondary condmstion. 

In ISli.') there was granted to Abel a patent for the pulping 
and compression of nitrocotton, by which its purity and hence 
stability were enhanced, and its s])ee(t of burning ])artially con¬ 
trolled by compression and superficial colloidation.- He first 
ednverted cotton into the nitrated form, using loose cotton rov¬ 
ings for this purpose. .-Vftcr the preliminary purification by wash¬ 
ing in running water, followed by dilute alkali, transference was 
tnaiie to a beating engine similar to that used in the manufacture 
of paper from pulp, the guncotton pulp being then converted into 
solid ma.sscs, sheets and other forms by pressure. h'or high 
density-, hydraulic pressure was applied to the guncotton. 'I'lie 
prime ])oinls in the Abel method of guncotton treatment may be 
epitomized as follows: 

(1) Reducing guncotton to a jndp, followed by jiressure eon 
solidation into the form desired, without the admixture of bind¬ 
ing material. 

(2) Admixture of* nitrocellulose to gie pulped guncotton, 

combining “soluble" and “insoluble” esters, in order to vary the 
ballistics of the explosive. . 

(5) Subjecting mixtures of various nilrocelluloses, either 
fibrous or pulped or both, to (he action of solvents to clTect (heir 
consolidation. • 

(1) The application to the surface of the consolidated gun¬ 
cotton of a solution of pyroxylin, shellac or other gum or resin. 

Under the direction of !•'. .Abel, at that time ehemis* of the 
Knglish War Department, the manufacture of guncotton by^this 
process was commenced on a comparatively small scale at the 
Royal Gunpowder Factory at Waltham Abbey. With govera- 

1. Proc Roy. Soc I8(>4, 13, 204, ling 1804, 17, 049; Artiz, 18(44, btl; 
Chcni News, 1864. 9, 206, 218)»Jahr Chc-m 1864, 17, 798, 801; Kept Xi, 
Br. A.SSOC. Reports. 9 

2. E P. 1102, 1865; V S I’ .>9888, 1860, F. P*69079, 186-5 (Oct. 20). 
Add. July IS, 1868. J. Roy. U. S Inst 186.5, 8, 845. 
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mental financial backing, it was possible for Abel tQ,coutinue his 
investigations on a factory scale—researches, whichjn their en¬ 
tirety have revolutionized the manufacture of the cfeUulose nitrates, 
both those bodies of high and low nitration. In 1866* and 1867® 
he published his Vesearches on guncotton, which contained a r&um^ 
of the essential steps in manufacture that had been put forward up 
to that time, and recited his extensive experimentation upon the 
problem of stability in a broad and comprehensive manner. 

The object of compressing the pulped guncotton was, of 
course, to restrain and modify the violence with which it exploded 
in the gun, but in this respect he was but partially successful, for 
the considerable number of accidents which still took place, 
showed that often the nitrocotton became uncontrollable, and 
exhibited a brisance considerably higher than anticipated. The 
use of guncotton at this stage, therefore, was conhned to blasting 
purposes entirely, although in 1868 E. Brown found that dry gun¬ 
cotton could be readily made to explode by the use of a mercury 
fulminate detonator,® this observation having already been re¬ 
corded by A. Nobel in respect to nitroglyccroL* 

In the former (IStKi) contribution of Abel, the treatment of 
guncotton with water glass,.forming such an essential feature of 

1. Phil Trans. 1860, 15«, 260; Phil Mag 1866, 32, 145; Proc. Roy. 
Inst. 1866, 4, 245, 616; Chem. Centr. 1868, 39, 448; Chein. News, 1866, 34, 
18, 250; Poly. Centr. 1806, 32, 1231; Wag, Jahr. 1800, 12, 204; Chem. News, 

1866, 14, 4; neut. Ind Ytg. 1860, 2.54; Chem. Tech. Rep 1866, 5, 102; 
Les Mondes, 1866, 12, 664; Proc. Roy. Soc. 1807, 15, 102; J. C. S. 1867, 20, 
310, 340; Pharm. J. Trans. 1807, (2), 8, 67; J. prakt. Chem. 1867, 101, 488; 
Dingl. Poly. 1867, 185, 148, 154, 157^ Jahr. Chem. 1806, 19, 860; Poly. Centr. 

1867. 33, 1186. 

2. Phil. Trans. 1867, 157, 181, J.C. S. 1867, 20, 505; Phil. Mag. 1867, 
33, ,545; Prpe. Roy. Soc, 1807, 15, 417; J. Roy. l.C S. Service Inst. 1867, 

10, 417; Chem. News, 1867, 15, 203; Poly. Centr. 1807, 33, 283, 1180, 1414; 
Wag. Jahr. 1867, 13, 320; Dingl. Poly. 1807, 185, 148, 154; Chem. News, 

1867, 14, 250; Jahr. Chem. 1,867, 20, 012; Amer. J. Sci. (2), 44, 288; Bull. 
Soc. 1867, (2), 7, ,527; Deut, Indust. Ztg. 1807, 202; J. prakt. Chem, 1867, 
101, 488; Les Mondes. 1807, 14, 224; 15, 680; Chem. Tech. Rep. 1867, 6, 

11. 122; 1867, 8, I, 120; Pharm. J, Trans. 1868, 9, 386; Compt. rend. 1869, 
69, ip5; Ann. Chim. Phys. 1870, 21, 07. For discussion of above by A. 
Chariere, see Les Mondes, 1808, l8, 143. 

3. F.'Abel and E. Brown, E. P. 3115, 1868; abst. Deut. Industztg. 

1868, 485; Chem. Tech. Rep. 1868, 7, 11, 149. See also Dingl. Poly. 1872, 

206, 500; Mechanics Mag. 1872, 478; Poly. Centr. 1873, 39, 268; Deut. 
Industztg 1873, 38; Wag. Jahr. 1873, 19, 35.5; Chem. Tech. Rep. 1873, 12, 
1,38. * 

4. E. P. 1345, 1^67; abst. Berggeist, 1867; Zts. Oest. Ing. Vcr. 1867, 
171; Deut. Indztg. 1867, 473; Bayer. Kunst. Gewerbebl. 1867, 732; Chem. 
Twh. Rep. 1867, 6, II, 122, 
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V. Lenlc's process, in accordance witli the observations of Schrot- 
ter, Redte^bacher and Schneider, Pelpuze and Maurey, was found 
to possess no important merits. The comiX)sition of the cotton 
experimented upon by Abel contained 0.()449( ash, and C 
0 40.69'^, and H O.O.jr-f, while the ash of th^ guncotton made 
therefrom was invariably under Kf, with a hygroscopic moisture 
of 2%. The solubility in ether-alcohol in 20 factory runs was 
1.3%-2.6%,, with an average of 2.03','J, and the mean nitrogen 
percentage 13.<S3. 

His results are expressed in the following four generalizations; 

(1) The guncotton was not prepared from pure cellulose, the 
most elaborate system of purification being inadequate, but from 
cotton separated from foreign matters as far as possible by the 
usual methods of puriheation adopted. 

(2) Ample proof was funiished, by extensive and rigorous 
experiments, of the invariable existence in the purified guncotton 
(as produced by the most complete action of the strongest acids 
upon^cotton, purified by treatment with alkali and washing) of 
notable proportions of substances which owe their existence to 
the presence of foreign matters remaining in the cotton filx'r after 
its ordinary purification, and also the pnaiucts resulting from the 
less ircrfcct action of nitric aciil upon small portions of the cel¬ 
lulose. 

(.3) Although the^e two varieties of impurities were extracted 
as far as possible, by repeated digestion with ether and alcohol, 
from the pyroxylin analyzed it ivas concluded that their com¬ 
plete removal by extraction was impossible. 

(4) The existence of small amounts of these impurities tends 
to raise the percentage of carbon, reducing the proportion of 
nitrogen. 

The second memoir on the stability of guncotton by F. Abel 
appeared in the Philosophical Transactions for 1867. The ob¬ 
servations and experiments were carried out at Woolwich, and 
may l)e classed as hSving for their VJbjects: • 

(a) Determination of the influence of light and of long pro¬ 
tracted storage, under ordinary conditions as to temperature, upon 
the stability of guncotton; • 

(b) The investigation of the behavior of guncotton upon ex¬ 
posure, under varied conditions, to artificial temperatures, and to 
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such elevated natural temperatures as are occasionally oxpcTienced 
in particular hx-alities, and , „ 

(c) Examination of the influence exerted upoiJ the stability 
of nitrocofton by special modes of preparing and preserving it. » 

The investigations, which occupy 72 pages in the Transac¬ 
tions, may be epitomized in the following ten subdivisions, and 
on account <5t their historical importance and technical significance, 
arc produced herewith verbatim: 

1. (luncotton produced from properly i)urified cotton, ac¬ 
cording to the directions given by von Eenk, may be exposed to 
diffused daylight, either in open air or in closed vessels, for very 
long j)eriod,s without undergoing any change. The preservatiot^ 
of the material for .'i'/i years under those conditions has been 
perfect. 

2. l,ong-coutinued exposure of the substance, in a condition 
of ordinary dryness, to strong davlight and sunlight iiroduces a 
very gradual change in guncotton of the dcscri])tion defined above; 
and the statements which have been |)ublished regarding the very 
rapid decomposition of guncotton when exposed to sunlight do 
not, therefore, apply to tlie nearly pure trinitrocellulosc obtained 
by strictly following the system of manufaetnre now adopted. 

2. If guncotton in closed vessels is left for protracted periods 
exposed to strong daylight an,d sunlight in a moist or damp con¬ 
dition, it is affected to a somewhat greater extent; but even under 
these eircumstances the change produced in the guncotton by 
several months’ exposure is of a very trifling nature. 

■t. (Inncotton whiclVis exposed to sunlight until a faint acid 
reaction has become developed, and is then immediately after¬ 
wards packed into boxes which ace tightly closed, does not undergo 
any change during sidisecinent preservation in ordinary store¬ 
houses (as far as the experience of 2' 'j years has shown). 

.'). Guncotton prepared and purified according lo the pre¬ 
scribed system, and stored in the ordinarily dry condition, does 
not furnish any indication of alteration, beyond the development, 
shortly after it is first packed, of a slight peculiar odor, and the 
power ot gradually imparting to litmus, when packed jvith it, a 
pink tinge. 

(k The influence cxc/cised upon the stability of guncotton of 
average qifality, as obtained by strict adherence to von Lenk’s 
system of manufacture, by prolonged exposure to temperatures 
considerably exeecding those which are experienced in tropical 
climates, is very trifling in comparisop with the results recently 
published by Contiijental experimenters relating to the effects of 
heat upon guncotton; and it may be so perfectly counteracted by 
very simple means, which in no way interfere with the essential 
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qualities of"the material, that the storaRC and transport of gun¬ 
cotton presents no greater danger, <ind is, under some circum¬ 
stances, attended with much less risk of accident than is the case 
w(ith gun])o\vder. 

7. Perfectly pure guncotton, or trinitrocelhilose, resists to a 
remarkable extent the destructive effects of temperatures even 
approaching 1(10° C.; and the lower nitro-products of cellulose 
'soluble guncotton) are at anv rate not more imiiu' to alteration, 
when pure. The incomplete conver-.ion of cotton into the most 
ex|)I(>sive pnxluet does, tlierefore, not of necessity result in the 
prwiuction of a less ])erfeetly peimauent compound than that 
obtained by the most perfect action of the acidmixture. 

S. Hut all ordinary products of numufacture contain small 
/5roportions of organic nitrogeni/ed im|)urities. of conii)aratively 
unstable properties, which have been formed by the action of 
nitric acul uixin foreign matters retaiiuxl bv the cotton liber, and 
which are not comi)letel\' separated by the ordinary or even a 
more searching process of purification. 

It is the ])resence of this class of impuiity in guncotton which 
first gives rise to the develo))inent of free acid, when the substanee 
is exposed to the action of heat, and it is the acid thus generated 
which eventually exerts a destructive action u])on the cellulose- 
products, and thus establishes decomposition which heat materially 
accelerates. If the small (|uanlitv of acid developed from the 
impurity in ipiestion be neutralized as it becomes nascent, no 
injurious action upon the guncotton results, and the great pro¬ 
moting cause of the decomposition of guncotton by heat is re¬ 
moved This result i^ readily attained uniformly distributing 
through guncotton a small proportion of a carbonate, the sodic 
carbonate, applied in the form of solution, being best adapted to 
this purpose. * 

I). The introduction into the finished guncotton of I'/e of 
sodic carbonate affords to the material the power of rc^sisting any 
serious change, even when exposed to such elevated temperatures 
as would induce some decomposition in the perfectly pure cellu¬ 
lose-products That proportion affords, therefore, security to 
guncotton against any dcstnictive effects of the highest^temper- 
aturcs to wdiich it is likely to be exposed, e\en under very exeep- 
tional climatic conditions. The only influences which tlie addi¬ 
tion of that amount of carbonate to guncotton might •exert upon 
its properties as an explosive, would consist in a trifling addition 
to the small amount of smoke attending its combustion, and in 
a slight retardation of its explosion, neither of which could be 
regarded as results detrin^ental to the probable value of the 
material. * 

10. Water acts a.s a mo.st perfect protective to guncotton 
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severe conditions of exposure to heat. An atanosphefe saturated 
with aqueous vapor suffices to protect it from change ut elevated 
temperatures, and wet or dapp guncotton may be exposed for 
long periods in confined spaces to 100° without sustaining ary 
change. 

Actual immersion in water is not necessaly for the most per¬ 
fect preservation of guncotton; the material, if only damp to the 
touch, sustains not the slightest change, even if closely packed 
in large quantities. The organic impurities, which doubtless give 
rise to the very slight development of acid observed when gun¬ 
cotton is closely packed in the dry condition, appear equally pro¬ 
tected by the water; for damp and wet guncotton which has been 
preserved for three years has not exhibited the faintest acidity. 
If as much water as possible be expelled from wet guncotton by 
the centrifugal extractor, it is obtained in a condition in which, 
though only damp to the touch, it is perfectly non-explosive; the 
w.ater thus left in the material is sufficient not only to act as a 
perfect protective, but also to guard against all risk of accident. 
It is therefore in this condition that all reserve stores of the sub- 
.stance should be preserved, or that it should be transported in 
large quantities. If the proper proportion of sodic carbonate be 
dissolved in the water with which the guncotton is originally 
saturated for the purpo.se of obtaining it in this non-explosive 
form, the material, whenever it is dried for conversion into car¬ 
tridges, or employment in other ways, will eontain the alkaline 
matter required for its safe storage and use in the dry condition 
in all climates. 

As has been previously indicated, developments in the manu¬ 
facture of gtincotton after ISfi.'i were primarily along the lines of 
greater stability. The guncotfon was reduced to pulp and the 
long washing in cold water was replaced by making the boiling 
of 15 mimrtes one of many hours. In 1863 the idea prevalent 
was that instability followed the retention of the nitrating acids. 
To lessen this Abel introduced the process of pulping in paper¬ 
making ,machines and subsequent washing in poachejs.* Pre¬ 
vious to this date Tonkin (loc. cit.) proposed to pulp guncotton 
to enable him to mix this material with the ingredients of black 
powder, '^his proposal did not anticipate the invention of Abel 
because the objects of the latter were to avoid the use of long- 
staple cotton and adopt cotton waste^ the guncotton being me¬ 
chanically converted into compact masses by pressure or granula¬ 
tion. Abel realized that the retention of the nitrating acids was 

1.^ E. P. 1102, 1866. 
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not the sdle cause of instability because in the British Associa¬ 
tion report of 1S03 he said: “The guncotton may contain traces 
of nitro-compounds which are moje liable to decomposition than 
ft is itself.” There is no doubt that the prwess of boiling to 
destroy these c-ompounds was adopte<f many years later, but the 
exact date is not made dclinitc in literature. On the 14th of 
August, 1871, there was a very serious explosion at the Stow- 
market factory, when about 1.") tons of guncotton exploded, de¬ 
stroying the factory and doing great damage in the town of Stow- 
niarket. The Oovemment's report on the cause of this explosion, 
dated 1S72, clearly proves that boiling did not form a part of the 
^itowlnarket processes, although they were working under Abel's 
patent of ISti,). The cause of the explosion was ascribed to the 
spontaneous eomlnistion under the accelerating influence of very 
hot weather, of some impure g>mcottou, containing about half a 
per cent, of sidfuric acid, this acid having been wilfully added by 
an unknown ])erson after the guncotton had passed through the 
regukir processes of manufacture and testing. 

The processes of manufacture in operation at Stowmarket 
in 1871 represent a very important step in the manufacture of 
guncotton,-and for that reason its desi-ription should be interest¬ 
ing. The following details were published in the Standard news¬ 
paper soon after the ex|)losion ■ 

“The cotton used is the fine whiti^ waste from the cotton 
mills. .After the bales arc o|)encd out in the receiving shed, the 
cotton, which is in loose rough tangle, is passed over to the first 
drying room, where it is well spread over open lattices, and sub¬ 
jected to a high temperature. .After this it passes to the second 
drying room, also heated by the exhaust steam from *he enpnes, 
where, when all moisture is thoroughly driven out, it is weighed 
into separate pounds and passed on through a box-tunnel to the 
dipping house. There is a long bench of tanks each about 14 
inches wide, 2 feet (i inches long, and l.'i or 16 inches deep* These 
contain the mixed acid, viz., one part of nitric acid, with three 
times its weight of sulfuric acid. Into ope of them each sejlarate 
pound of cotton is dipped, stirred about for a few minbtes, and is 
then taken out by an iron fork on to an open grate at the back 
of the tank, where the superfluous acid is partially pressed out by 
a hand lever with a plunger. The quantity of acid absorbed in 
each operation is about 10 lbs. or 11 lbs., find this is replaced 
after each dipping. Each workman has 4 tanks to attend, and 
he places the l-lb. batches of cotton in one tank after the other, 
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taking them out in the same order and filling up as he goes on. 
The pats, sufficiently pres.sed to prevent dri{}ping, are next car¬ 
ried on to the soaking house’; where they are put separately into 
.earthen pots about S or 9 inches deep and 7 inches in diameter, 
with overhanging lids, and standing about three-quarters of theiV 
height in water. The cotton here stands foj twelve hours, the 
object being to convert the particles and portions of the cotton 
which had escaped conversion in the first dipping process; there 
being still amply sufficient acids in the mass to continue the 
chemical action upon the unchanged fibers. The heat generated 
in this operation is considerable, and smouldering not unfrcquently 
sets in, but is stopped by a little addition of acid. These pots 
are replaced and refilled in rotation as the digested cotton is taken 
away to the centrifugals. 'I'he centrifugal machines arc arranged 
in sets of four in an adjoining house, and consist of good-sized 
coned discs, surrounded with a wire or perforated screw; they 
are set horizontally with their shafts \ ertical. These work within 
protecting cylinders, and are driven by level wheel gearing and 
pulleys at the rate of 1,.■)()() or 2,f)0(l revolutions per minute. Six 
of the pots are emptied into each centrifugal, the charge being 
broken up and uniforndy distributed before the disc is set spinning. 

“The moment the driving gear is put on, the cotton flie* out 
towards the wire screw, and the acid is whirled out through the 
meshes like water from a trundling mop. This operation is con 
tinned until the dripping of the acid ceases, when ttie machine is 
stopped and its contents liooked out by iron forks into an iron pan, 
are carried smoking with red fumes and ‘copped’ or tipped into 
the water tub, which is a round wooden iron-hooped article, about 
feet () inches deep and H feet in diameter, stuck low down in the 
river bank, with a spout of water constantly running into it. 
Only one charge from the centrifugal is put in at a time, that is, 
(i lbs. of the original cotton, now converted into guncotton, and 
each charge remains in the washing tub during the tipic the fol¬ 
lowing charge is being dealt with in the centrifugal. The olqect 
of this immersion is to arrest chemical action, to overcome the 
heat, and, as much as possible, to wash out the acid. 

“From the tubs tlie charges are thrown into a large tank 
about Itbfcet long, (i feet wide, and 4 or more feet dcep)> through 
which a current of water coming in near the top at one end flows 
out through the bottom,at the other. From this tank the sup¬ 
ply of guncotton for the subsequent operations on the other side 
of the grounds is taken. The cotton rests in it from 24 to 12 
hours, that is to say, it is filled by a day’s work, and emptied by 
the next day’s requirements. If intO( this tank any acid gun¬ 
cotton is put the contained acid will be mainly sulfuric, the nitric 
of the original dipping having been absorbed by the cellulose. . . 

“We will now follow the cotton through its finishing stages 
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in tilt sttoyd part of the faetorv. 'J'aken from the first tank, the 
cotton is carried to another series of centrifugals, or rather 4o 
four ccntrKugjls and their tanks. Passed tlirough the first Cen¬ 
trifugals until the water leaves off funning it goes into the second, 
tank, thence into the second centrifugal, then into the third tank, 
again into the third centrifugal, next to the fourth tank, and > ‘ 
finally at this stage into the fourth centrifugal. 

"Hach charge, as it is finished, is carried on a wotKicn beck 
by hand to the beat< r engines, which by means of their bevelled 
knives .and knifed roller first break the clots, and then the beater 
being screwed to adjustment, the cotton is pulled and lacerated 
into a luilp, which as finished runs away by a trough into the 
poacher, the wheel in which stirs it up continually for some time. 
U'hen the pulp is snlliciently treated it is run off through a valve 
by a wooden trunk into an empty tank about ten feet long and 
of similar dimensions to the first receiving tank. 

‘"rile poacher house is one large, long, S|)acious building, 
clear, that is, unpartitioned from end to end, so that everyone in 
it can see along its entire length and extent. The poachers, which 
are large oval troughs about twelve feet long, eight feet w’idc and 
four feet six inches deep, have at one side, extending halfway 
across the breadth of the trough, a large wooden wheel like that 
of a water mill, which revolves, dragging the inilp in on one .side 
and turning it out on the other, so that it is thus kept in commo¬ 
tion, a man also stirring it up occ.asionally from the bottom. 
The pnl|) is covered over b\ about two feet of water with which 
it more or less coinniiiigles. There are jiipes also for letting in 
water ami running it olT. .\t this stage the alkali and the lime 
are added. It is froifl these poachers tli:#t the samples are taken 
for the chemists tests." 

To this description should be«addc<l that while the guncotton 
was in the poachers, burnt lime and sodium carbonate were added 
so that 1' i''', to 2' I of calcium carbonate was left in the finished 
guncotton. 

'rile product had to pass the following heal test: 

Apparatus Kcquiral. A shallow oil bath, having a loose cover 
o'' sheet tin, which rests about one inch above the oil andfias per¬ 
forations of proper dimensions to receive a test tube and a ther¬ 
mometer. Suitable heating arrangeni''r>ts for raising the ’tem¬ 
perature of the oil from l.'iO'’ to ITlf’ Fahrenheit in from 10 to • 
l.'i minutes. A thermometer and a glass test tube; the latter is 
about ti inches long, and "/i« of an inch in diameter and is pro¬ 
vided with a loosely fitting cork through which passes a slender 
glass rod about (i inches long. A small dropping tube or wash 
liottle, containing distilled w'ater. 

Materials Required. 'I'he test Jraper is prepared as follows: 
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45 grains of white starch are added to 8 V 2 ozs. of water, and-the 
mixture is stirred and heated to boiling; *15 grains of iodide of - 
potassium are dissolved in 8^/2 ozs. of water. Th<;|two solutions 
are thoroughly mixed togeth^f. Strips or sheets of white filter 
paper are dipped in the solution thus prepared; they are then 
allowed to drain and dry. The dimensions of the pieces of test 
paper used are about V 2 an inch to Vs inch. 

The, guncotton to be tested is removed from the compressed 
mass by gentle scraping; 4 grains of the air-dry substances are 
used in the test. 

Application of the Test. The thermometer is fixed so as to 
be inserted through the lid of the bath into the oil, to a depth just 
sufficient to cover the bulb. The specimen to be tested is inserted 
into the test tube, and gently pressed down to the bottom. A 
test paper is fixed on to the lower extremity of the glass rod, so 
that, when inserted into the tube, it will be in a vertical position. 
A drop of distilled water is applied to the upper edge of the test 
tube; the quantity used being only sufficient to moisten about 
two-thirds of the paper. When the temperature of the bath has 
been raised to about 11 .")° T., the corked test tube is inserted 
through the. perforation hi the cover, and is immersed in the oil 
to the same depth as the thermometer. A ring of moi.sture will 
presently be deposited in the test tube a little above the cover 
of the bath; the position of the test paper is then adjusted in the 
tube by lowering or raising the glass rod, until the lower margin 
of the moistened part of the paper is on a level with the bottom of 
the ring of moisture in the ttibe. The paper is then closely 
watched. The test is complete when a bluish brown coloration 
makes its appearance at the line of bounaary between the dry 
and moist parts of the test paper. This coloration must not 
appear at any temperature below 190° F. 

In 1807 K. Abel conducted extensive investigations upon the 
effect of alkalis upon nitrocotton, he having observed on several 
occasions that the nature and amount of mineral impurities 
exerted great differences upon the rapidity with which the .sub¬ 
stances sustained alteration upon exposure to heat. Some sam¬ 
ples, which were heated for comparatively long periods without 
exhibiting signs of deterioration, were found to contain much 
larger proportions of calcium and magnesium carbonates than 
specimens with which in other respects they apparently were 
identical. 

This observation led to careful linvestigations of the com¬ 
parative effects of temperatiues of 90°-100° upon a number of 
lots of guncotton, the percentages of alkaline earth carbonates 
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antaitred therein of which were known. Experiments made with 
liese “alkaliijcd’’ guncotton in the main indicated that the 
resence of smalP quantities of the alkali and alkaline earth car- 
oni^es, appeared to act as ant-acids,* and hence stabilizers, but 
o definite results were obtained as to the maxiftia or minima 
mount of a named carbonate, the presence of which gave most 
esirable results. Other factors in guncotton stability in addition 
3 the presence of carbonates undoubtedly were prestmt, and ap- 
arently in sufficient but variable amounts to admit of no clear- 
ut and comprehensive generalizations. Numerous samples of 
itrated cotton which had been "silicatcd” (treated with water 
lass) varied greatly in their powers of resisting change at com- 
aratively high temperatures, and it was demonstrated that they 
?cre invariably rendered decidedly more prone to change if thor- 
ughly washed in distilled water previous to their exposure to 
eat. He found that a very small proportion of carbonate would 
xert a notable influence u])on the power of guncotton in resisting 
he effects of heat. 

In 1S74 F. Abel contributed a mcinoif on the history of 
xplosive agents,' in which is epitomized and frankly discussed 
he results which had contributed pcnnanence to the state of 
he art up to that time.- He developed that the facility with 

1. Phil. Trans. 1«74. 1$4, .'i.i;; Coinpt riiKl 1874 . 78, 1227, 1.10I, 
302, 1432; 1874 . 79, 204 , 284, .300; Ann. Clinn I'hys 1874, 2, 170, 1874, 

, 268. Mon, .Sci, 1874, 16, .>0.3; Roy lint! Papers, 1814, 22, 00; Proc. Roy. 
oc. 1874, 22, 408; Dingl Poly. 1,874, 213, 174, 374; 187,'i, 215, 123, 341; 
hem Tech. Mitth. 1874- 187.'), 101; Her. 1874 , 7, 742, l.es .Mondes, 1874, 
5, ,597; Eng. Vm. 38, 342; Proc Roy. Roc. 1870, 29, 123, Coini)t rend. 1879, 
9, 1.5.5, Phil. Trans 18.S0, 171, 203 

2 Bcr. 1868, 2, 314; Chem. Tech Rep. 1868, 7, II, 140 Phil Toms. 
869. 159, 489; Poly. Notiz. 1869, 24, 3.53, Poly Centr 1860, 35, 124.'»; Conipl. 
md. 1889, 69, 105; Proc, Roy .Soc 1869, 17, 305; J C S 1870, 23, 41; 
ton. Sci. 1869, 11, 902; Wag. Jahr 1869. IS, 264; Mon Rci 1871, 13, 662, 
25; J. Soc. Arts, 1879, 27, 437 Dingl Poly, 1871, 282, .374, Chcin News. 

871, 24, 141; Chem. Centr. 1871. 42, 764, Jahr. Choin 1871, 42, 764, 1030; 
•er, 1871, 4, 883; Poly. Centr. 1871, 37, 1375; 1872, 38, 883 Mccfcanics 
tag. 1872, 443; Wiecit’s Gewerbeztg. 1872, 7,3, Roy. Inst. 1872. J. Roy, 
'. S. Inst. 1865, 8, 345; 1873, 16, 457. Pharm J. Trans. (31, 3, .565, ,583; 
ahr. Chem. 1873, 26, 1027. Poly. Centr. 1875, .10,*60 Rev. d'ArJill 1875, 
, 256. Inst. C. Eng. May 14, 1872; Mech. Mag. 1872, 410; Amer. Chemist, 

872. 3, 264, 419; 1873, 310; J. de Pharm. et Chim., Oct, 1872, (4), 16, 261; 
9, 273. Poly. Centr. 1875, 40, 60; Pop. Sci, Month. 1875, 7, 247. Compt. 
md. 1876, S3, 707, 1011; Bcr. 1876, 9, 1939; Jahr. 1870, 1111; Chem. Centr. 
876, 84, 739; 1877, 84; J. C. S. 18T7, 31, i, 453; BuU. .Soc. Chim. 1877, (2). 
I, 27. Chem. News, 1877, 35, 10. 155; Wag. Jahr. 18J7, 23, 385; Pharm. 
■ Trans. 6, 71; », 386. BuU. de la Soc. Franc, de Phot. 1872, 18, 40; 1877, 
3, 108. Chem, News, 1879, 39, 34, 165, 177, 187, 198, 209; Mon. Sci. 1879, 
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which an explosion accomplishes detonation is proportionate to. 
the mechanical force and heat developed by that explosion, and 
that there exists a certain similarity or synchrofiism of the vibra¬ 
tions developed by the explosion of particular substances \Khich 
operate in favt)rin}' the detonation of aijothcr substance. While, 
in the absence of such synchronism, a much more powerful initial 
detonation, or the ap))lication of much greater force, would be 
required to effect the detonation of the material operated upon. 
This view was supported by P. Champion and II. Pellet.' Abel 
clearly differentiated between explosion, as disthifaiished from 
developmcht of detonation, and violence of transmitted concus¬ 
sion. The manner in which resistance to mechanical motion 
favors the chemical disintegration or explosion of the portions of 
a compact mass of guncotton when subjected to a blow, as from 
the impact of a bullet, was conclusively demonstrated by a scries 
of e.xperiments with guncotton disks of identical density and 
diameter, differing in thickness, and hence in weight. 

Nitrdcellulose Development, Period 1865 1870. The in¬ 
vestigations of Abel previously briefly abstracted, were of far- 
reaching and enduring consequence, in that, in conjunction with 
the perseverence of von benk, and the solidity which was im¬ 
parted to the subject by the favorable report by the British Asso¬ 
ciation Committee, public distrust and (loverrimental apathy 
were removed and a recrudescence ensued, a resurgence which 
has augmented up to the present time. 

'I'he impetus imparted fo the subject by the researches of 
Abel, naturally stimulated other investigators to critically ex- 
21, -lilt, 10 .'j7. Wax. Jahr. 1H7!L 2S, 422; Moiulcs, 49, 427. J. Prank. 
Inst. ISX*:, 79, 27, Li'i, 18!). Dinsl. Poly. IHOo, 178, 14.7: ahst. Sci Amcr. 
July 9, 18(M Chem Tech Rep 1871), 18, I, 287 E, P. 1470, 1888, D. R. 
P. UODO, 18,80; ahst Proc U ,S. Nav. Inst 1880, 15, 21.3; J. A C. S. 1881, 
3, 74. K. P. 4170, 187.') Dynamite Manufacturing Co, K, P. 2.')10, 1878, 

!•' P. 127842, 1878; ahst. Mon, Sci. 1879, 21, 1047. A, Nohel and F. Abel, 
Rev Rl'Artil 1870, IS, 124; Jalir. Chem. 1880, 33, 1307; Dingl Poly 
1870. 221, 04; Her. 1870, 9, 050; J. Pharm. Chiin. (4), 30, 426. R. Bottger, 
Bee. 1809, 2, 009. Deut. Ind. Ztg. 1873, 18; abst. Wag. Jahr. 187.3, 19, 
356. Jali». Phys. Verr. Frankfurt 1872-187,3. 10; 1877-1878,22;abst. Chem 
Centr. 1874, 45, 346; 1879, 50, 7.50; Ber. 1876,9, 1795. G. MacDonald, 
Arms and Explos. 1909 , 4, 1.35, 150; 1910, 5, 10, 60; abst. C. A. 1910, 4,384, 
1101, 2205; J. S. C. I 1911, 30, 241, 251; Zts. Schicss. Spreng. 1911, 6, 389. 

1. Compt, rend. 1872, 75, 210; i^st. Chem. Centr. 1872, 43, 562; 
Wag. Jahr. 1872, 18, 200; Poly. Centr. 1872, 38, 1493; J, C. S. 1872, 25, 
874; J. Pharm. Chim. 1872, 18, 180, Amcr Chemist, 1872, 3, 272; 1873, 3, 
374; Mon. Sci. 1872, 14, 672; Bull. Soc. Chim. 1872, 18, 392; Dingl. Poly. 
1872, 206, 154; Jabr. Chem. 1872, 25, 98. 
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amino the tiilfercnt aiiKlos and ^^arious pluisos of tlie \on Lent 
procoss-and ifs i»s.sibilitios. H. Molsorts’ wont over the subject 
critijallv, and adduced that a little tininionia or dilute so<linni 
hydroxide should be used in the final washiuK prc»*bss, and that 
it is ach'izable that fpmeotton should be kept dry and cool to 
minimize proneness to deterioration. \V. Scott,- l^ietzeiibacher, ' 
Krai,* A. Vogel,‘ and J. Stas," published independently in ISCio 
fjeneral contributions on the subject. In this year also apiieared 
the blasting preiiaration of C. Reieheii,* composed ot paper im¬ 
pregnated with potassium chlorate, nitrate, ferroevauide and 
chrymate, covered with a solution of nitroeotton in acetic acid, 

'file ensuing year bron;;ht forth the llaloxylin of \V. and 1C. 
I'Vhleisen,* containing; nothinj; essentially new. file spectro¬ 
scopic examinations of collodion made by Rutherford,' and the 
blastiiij; cartridge nianiifactiirinf; processes of W. Dixon,'" and of 
,\. Rollason," brou);ht forth nothiiij; novel. I', Reeves and J. 

1 Bull ,S(IC Chun I.SIm, 3, :14. W.ix Julir l.S(i,-), U, 112, Hull (rivnc 
l.Sfld. 2.'>.1ustit l.SIl.'). 2a.'l, Juhr Chclil I.SIll, 17, HOI, 13, 7K.S, Clu'iu 
Cciitr ISfi,-|. 36, 11(17, M<ui ,Sci l.SIKl, IB, Ht(i 

T'lu- i)\r()tcdiui<' cuiupositum of J ^'n■(lur^■au anil I! ilc Chavaiiiics, 
li I’ l.sil.'i, was a Hauif iiroilucmi; coinposilion of wloiilim- or Kun- 

eotloii ailnuxed with resins, sawdust, lycopodnnn and chlorates, and intended 
for indoor use 

2 Re|it lint ,\ssoc ,tdv Sci hSii.l, d.'i, Chim Tech Rep IStlli, 5, 
I, 102, J prakt Chun I.S(i7, 101, 417, Cheiii Cmlr IHiiX, 39, 414; Jahr 
Cheni l.S(;7, 20, !H4. Bull S«' Chun 1X07, (21, 9, .'I.S.'! 

4 Coinpt rend IHO.'i, 60, 1022. Ihnxl Rolv hHO,-), 178, 220, Chem 
News, l.X().->. 11, 2.')0, J Pharni Chini hShO, 2, 227, Jahi Chem l.Hll.S, 18, l.t! 

4 Chem. Centr IXtio, 36, 2,7X, Roly Centr 1X0.'), 31, l.'ilO; Wai;. 
Jahr IXO.'i, U, 41.’), Wiech's (lewerhe/tg lltii.a, 

Chem 'I'eeh Rep IStm, 4, II. 72, Rhot Mitth 1 .SO.'i, 111; Chem 
Tech Mitth IXO.'I--1X00, :i7 N Rep Rharni 21, 0, J C S 1X72, 25, 272. 
N Rep Rharm. 1.S72, 7, Dinxl Roly 1X72, 203, .Wl, Jahr Chem J.S72, 25, 
IttSd, Roly Notiz 1X72, No 4.Rharm Ceiitralli 1X72, 14, No 17, Chem. 
Tech Mitth 1X71 1X72, IX Bull Soe h'lane de Rhot 1X74, 19, d.'l. '.es 
Mondes, 1X74, 30, 142 

0 Berggeist. IXO.'i, No 27, Ilmgl Roly IXO.'i, 176, lO.'i 

7. i; R 2200. IXO.'i See llarapsky, Rolv Centr IXO.'i. 31, 0X0, ilmgl. 
Roly. IXtj'i, 175, 4,'ll, 1X00. 192, 105, 40.'), Roly Centr IKOO, 1104, Roly. 
Notiz IXOO, 1.50; Kurhess. (lewerhehl IXO'l, .50, Meehanic's Mag 1X00, 240; 
Wag. Jahr. IXflO, 15, 2.57 

.S. Bavarian R. I'eb. .5. 1X00. ahst Roly Noti/.bl IXXO, 35, 10 De¬ 
scribed by G Neiimeyer, Dent. Ind Ztg 1X00, 4X. 277; 1X07, 77, 44K. Dingl. 
Rolv. 1X06, 182, 248, 2.51; 1X07, 184, 164, Roly Centr 1X07, 33, 074; Chem 
Tech. Mitth. 1866-1867, 251, Wag. Jahr 1806. 12, 244; 1807, 13, 24.5. E. R. 
1441, 1860. This powder contains^o nitrocellulose, but powdered cellulose 
or sawdust. 

9 Bull. Soc. Erane. de Rhot 1806, 12, 202. 

10. E. P. Bto, 1806. 

11., E. P. 3.301, 1806. 
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Muschamp* disclosed their process for milking guncotton from old 
rags by boiling, shredding, bleaching, nitrating dnd pulping, but 
no mention is made as to the stability of the product. Thg, in¬ 
fluence of the oxycellulose nitrates upon the keeping qualities of 
nitrocotton was imperfectly appreciated at that time. 

There was granted patent protection to E- Prentice in 1866 
for a series of applications oP nitrated cellulose, which deserves 
more than a casual notice herein. He combined 15% of cotton 
and the balance guncotton into a homogeneous mixture by pulp¬ 
ing,’ and employed the mixture as a propelling charge in guns, 
waterproohng the charge by the addition of paraffin,* beesw^jx,’ 
or rubber.® The collodion of Reissig’ was announced. 

In the biennial period of 1867 -1868 appeared the patented 
process of A. Tronchon,® I,. Bruen,® H. Garret and G. Holcroft,'® 
and J. Reeves," for the manufaeture and waterproofing of gun- 
eotton cartridges, and the methods of G. Clark" and of C. Ditt- 

1. R..P. 3293, 1866. 

2. I,es Mondes, 1806, 11, 0, 600, Chem. Tech. Rep. 1867, C, I, 129; 
Zts. V. dt, Ing, 1868, ,684; Dent Industztg. 1808, 8; Wag Jahr. 14, 3,68; 
Chem. Centr. 1869, 40, 72; Mech. Mag. 14, 219, 231. Hall, Chem. Tech. 
Rep. 1874, 13, II, 198. J, Hall, R. P. 2772, 1872; abst. Wag. Jahr, 1874, 20, 
424; Ber. 1874, 7, 743; Bull.*,8oc, Chim. 1874, 22, 141. J. Hall & Son, Me¬ 
chanic's Mag. Apr. 1847; Uingl. Poly. 1847, 104, 46,6. Jahr. Chem. 
1847-1848, 1143; Liebig and Kopp’s Ann. Report, 1847-1848, 2, 376. See 
also Wilson and Prentice, Dingl. Poly. 1868, 189, 78; Poly. Centr. 1868, 
1277; Mon. ,Sci. 1808, 10, 640; Chem. News, 18641, 17, 195; Wag. Jahr. 1868, 
U, 357. 

3. R. Prentice, R. P. 9.63, 1866. F. P. 71285, 1866. 

4 R. Prentice and T. Richardson, R. P. 1129, 1867. 

5. R. Prentice, R. P. 2768,'1877; abst. Dingl. Poly. 1878, 230, 188; 
Ber. 1878, 11, I, 1390; Wag. Jahr. 1878, 24, 466; Chem. Tech. Rep. 1878, 
17, 1, 355. R. P. 174, 1877. 

6. R. Prentice, R. P. 3127, 1867. 

7. Dingl. Poly. 1866, 182, 348; Hamburg. Gewerbebl. 1866, No. 42; 
Chem. Tech. Mitth. 1866-1867, 30. 

8. R. P. 1002, 1867, 

9. R. P. 1216, 1867. 

10. R. P. 2923, 1867, 

11. R. P. 989, 1867. 

12. R. P. 3408, 1868. See Mon. Sci. 1870, 12, 63; Deut. Ind. Ztg. 1870, 
48;'Wag. Jahr. 1870, 16, 217, See also: W. Gintl, Wien, Akad. Ber. 1869, 
59, 809; BuU. Soc, Chim. 1869, 13, 435; J. prakt, Chem. 1869, 107, 478; 
Poly. Centr. 1870, 36, 159; Zts. Chem. 1869, 5, 703; Pharm. Zts. Russ. Nov. 
1870, Proc. Araer. Pharm. Assoc. 19, 261. Ber. ueber die Zuendwarren, 
1874, 31. A. Girard, Bull, de la Soc. Fran, de Phot. 1867, 13, 203; Corapt. 
rend. 1868, 67, 820; Jahr. Chem. 1868,771; Zts. Chem. 1868, 66; J. prakt. Chem. 
1869, 107, 206; BuU. Soc. Chim. 1869, (2), 11, 498. Bull, de la Soc. Fran, 
de Phot. 1870, 16, 41. Compt. rend. 1876, 82, 1105; Dingl. Poly. 1876, 
219, 549. Compt. rend. 1879, 89, 170; J. C. S. 1879, A, 36, 911; Jahr. Chem. 
1879, 1116; Publ. Ind. 26, 46. H. Grothe, Poly. Centr. 1870, 641; Dingl. 
Poly. 1870, 196, 563. 



NIfI*OCBI,l,ULOSS THBORY 


1019 


mar' for the use of nitrocellulose in connection with nitro glycerol 
for the formation of a plastic like dyn^ite. 'flie nitrated paper 
of JPreimd,* the dry collodion of Bsfrnes' and of Liesegang,' and 
the miscellaneous contributions of G. Merz,‘»0. Kreig,* W. 
Griine,’ J. Latham,* E. Schunk,* Reese,"’ E. Sussner," together 
with the nitroglucose experiments of C. I^a," epitomize the trend 
of advancement. 

In 1809 appeared the process of E. Monckton” for combining 
gunpowder and guncotton as an explosive, and the rubber-like 
mass of A. Baeyer,'* fonned by heating PCU and POClj with gun- 
eqfton, the latter dissolving without browning. 0. Popp’* isolated 
from the ro(rt bulbs of Synanthereac a new carbohydrate, Synan- 
tlirose, which nitrated to nitrosynanthrose, an almost white 
body, insoluble in alcohol and water, and is explosive, llie same 
year appeared the re.sults on nitrocellulose communicated by 
Joy,’* L. Troost,’' Stroblberger,’* F. Mussgiller,’* and J. Dougall, 

1. K. P. St.W, I8G7; .3088, 187fl. DhikI. Poly. 1870, 19S, 89; Chem. 
Centr. 7870, «, 366; Bull .Soc Chim. 1870. (2), 14, .340; Jahr. Clicm. 1870, 
23, 1128; Amor. Artiz 1870. 96; Cltcm News, 1870, 21, 27,'); Poly Centr. 
1870, 18, 930; Dcut. Indiistrieztt!. 1«70. 115. Wag. Jahr 1889, 16, 2150; 1871, 
17, 217, Set also A. Nobel, Diiigl Poly 1.860, 192, 40,5; abst. Chem. Tech. 
Rep. 1809, 8 , I, 104. 

2. Bull. Soc. Franc. Phot. 1867, 13, 260, Wieck's Gewerbeztg. 1867, 
410 

3. Bull. Soc, Franc. Phot 1867, 13, 2.32. 

4. Bull. Soc. Franc. Phot. 1.867, 13, 23. 

5 . J. prakt. Chem 1867. 101, 261; Chera. Centr. 1808, 39, 99. 

6. Ver. Dent. Ing. 1808, 12, .584; Uingl. Poly. 1868, IM, 2M; Gewerl)ebl. 
Wurttemberg, 1868, 18, ,508; Poly. Centr. 1869, 35, 72. 

7. Phot. Mitth. 4, ,50, ab.st, Chcm.'Tech. Rep. 1867, 6, 1, 75. 

8. J. Roy. U. S. Inst. 1867, U, 328. 

0. Dingl. Poly. 1868, 189, 78; Chem. News, 1868, 17, 195. 

10. Phot. Jahr. 14, 97. • 

11. Oesterr. Zts. Berg. u. Hiittenwcscn, 1887, No. 14; abst Poly. Centr. 
1867. 33, 998. 

12. Chem. Tech. Rep. 1808, 7, II, 113; J. prakt. Chem. 1868, 185, 

191; Amer. J. Sci. 1868, (2), 45, 381; Zts. Chem. 1868, 11, 632; BuU, Soc. 
Chim. 1868, (2), 10, 506; Jahr. Chem. 1868, 21, 760. • 

13. E. P. 2944, 1889 

14. Ber. 1869, 2, 54; Zts. Chem. 1809, 345; BuU. Soc. Chim. 1869) 12, 
292; Jahr. Chem. 1869, 22, 742. 

15. Ann. 1870, 156, 181; abst. Chem. Centr. 1870, 41, 787; Jahr. Chem. 
1870, 23, 845; Ber. 1871, 4, 57; J, C. S. 1871, 24, 348; Bull. .Soc. Chim. 1871, 
15,96. 

16. Sd. Amer. 24, 22. 

17. Hec. de cours. Sci. 1869,*274. 

18. Gewerbebl. Wiirtemb. 1869, 251; Poly. Centr. 1869, 35, 617; Chem. 
Tech. Rep. 1869, 8,1, 78. 

19. Proc. Amer. Pharm. Assoc. 1870, 18 , 271; Amer. J. Pharm. 1870, 
42,1^5. 
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on the application of the “Schultze grantilated wood powder.”' 

From the contributions appearing in 1S70, inay be mentioned 
those of Maldcren," RadbrutSi," ?. Fresenius/ and of Camuzef. 
'1 he treatise on guncotton by H. Dussaucc appeared in ISOS). 

Cellulose Nitrate Advancement, Period 1871-1880. This 
ten-ycai' period is replete with a large number of comparatively 
unimportant steps in advancement, which isolated, do not indi¬ 
vidually appear as being especially noteworthy, but which in their 
entirety, as viewed from the perspective of a half-century of elapsed 
time, indicate a distinct and permanent tendency to stabilize, 
popularize and commercialize the art upon an enduring footing^ 
In IS70 appeared the R. Punshon powder," combining gun¬ 
cotton with un-nitrated carbohydrates, as sugar. 'I'he following 
year Davis,’ V. Magendie," A. Fisher* and Bartholomew,'" pub¬ 
lished contributions, and b. Blcekrodc found for some cellulose 
nitrates, that when saturated with combustible liquids," upon 
ignition, the liquid burned, the guncotton often melting like snow, 
but without deflagration. 

?. Champion alone''' and with H. Pellet,''carried on extensive 

1 J Roy. United Service Inst IKtiil, 12, 127. 

2 Phot Jahr 17,!« 

'i Wieck’s Gewerlieztg 1S70, t8 

4 l)int;l Poly 1871, 199, 247, Naturf 1871, 81); Poly Centr 1871, 
37, 108; Poly Notiz 1871,26, :« 

~i. Bull de la .S(k- Eranc. de Phot 1870, 16, 8.') Mon ,Sci 1870, 12, 
424, 425. 

0 IC P. 2807, 1870, 4208, 187.5, K. P. 01740, 1871 J Soc. Arts, 
1872, 20, 180, .127. 

7. Phot Jahr 18, 25. .'17 

8 Kept. H M. Inspcc Expth Aug 11, 1871, Mar,.7, 1877; Nov. 8, 
1882,43. ‘ 

0. J. Roy. 11. S Inst. 1871, 14, 410. 

10. Phot. Jahr 18, 12 M HokololT, Her 1870, 12, 088, 698; J. C. ,S. 

1870, 36, 777, 1080, Chcin Tech. Rep 1879, 18, I, 280; Chem, Centr. 1870, 
874; Wag Jahr. 1879, 25, 428, Bull. Soc Chim. 1880, (2), 33, 105; Jahr Chtm. 
1880, 1020; Year Hook Pharin 18.80, .80, Gcwerblatt, 12, 68@, 098; Pharm. 
Centr. 20, 277. 

11 Phil. Mag. 1871. 41, 39, 102; Uingl. Poly 1871, 200, 888; J. C. S. 

1871, 24, 17t; Naturforschet, 1871, No 20; Poly. Centr. 1871, 37, 923, Poly. 
Notizbl. 1.871, 26, 1,55; Chem. Centr. 1871, 42, 225; Deut Ind. Ztg. 1871, 
326. Jahr. Chem. 1871, 24, 1030, N. Arch ph. Nat 40, 277. 

12. Compt rend. 1871, 73, 114; Zts. Chem. 1871, 14, 348; Bull. Soc. 
Chim. 1871, 16, 301; Jahr. Chem 1871, M, 417; Dingl. Poly. 1871, 202, 
374; Chem. News, 1871, 24, 141; Bull. Soc. Franc. Phot. 1873, 19, 204; J. C. 

S. 1871, 24, 811. L. Leyguc and P. Champion, Compt. rend. 1871, 73, 1478; 
Mon Sci. 1872, 14, 79; Dingl. Poly. 1872, 203, 303; Chem. Centr, 1872, 43, 
75; Wag. Jahr. 1872, U, 300. 

13t Dingl. Poly. 1873, 207, 473. Compt. rend. 1875, 81, 982; J^hr. 
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cxperiinents.()n the explosion of compressed KtincoUon, and fmmd 
that the higher nitrated celhiloses, wlien snbstantially dry, may 
he detonated tt'ith a brass cap with 0.2 mm. wall thickness and 
2>fm. mercury fulminate. 1?. Zettnow' made a series of cxjKTiments 
for the purp<jse of finding a way of jireparing nitfoccllulose which 
always gives collodion a laudable but impossible task in ex 
perimentallv going over the pnx-esses of his contemporaries and 
predecessors in detail. His results arc interesting, but especially 
applicable to the lower nitrated photograiihic collodions 

In 1S72 appeared the disclosures of KlclTcl.- 11. Mmssen, ' S. 
M.ackic,' and the inaugural essay of C. Mitchell ' on guncotton and 
l^ preparation. Mitchell tried a mnnbcr of experiments with a 
vi(w of ascertaining the relative i>roi)ortions of cotton and acids 
and the proper time for maceration, necessary to obtain a nitro- 
cotton of highest yield and solubility, with maximum explosive 
|)ower. The following formula was finally adopted' I’nrilied 
cotton, 7 av oz.; llNtb, sp. gr. 1.12, 1 ])arts; ll.jSOi, sp. gr. l.Sl, 

1 ])arts at a temperature of .’id" 7(1“ !■'. In this year (he work 

of I. baner on "compressed guncotton’' was ])ublished in Vienna, 
fv. Nicholson and .\. Price'' proposed to indicate the gradual 
deterioration of guncotton by impregnation with traces of litmus 
Chem 28, 1071,, Clieni Centi I.H7(i, 47, .S IliiH See Ctmii IH7.'‘, 24, 
l.'i'.l, .'tmer. Chemist, I.S7ri, g.'fL’, Mini Sci l,S7h, 18, I'.i.'S Wiix Jalir I.x7li, 
22, .iKtl. J C S. lS7(i, 29, .‘ilh C'oiiipt leiiil l.S7(i, 83, 707, Wng Jiilir 
27, a.'Jh, Cliem. Tet’li hep l.srii. 15, 1, .'iSS; Cheiii C'tiilr JS7(». 47, 
7a‘i, WaK Jahr. 187,*. 23, 4711. ilull Sue ioaiie Phot 1M77. 23, 7K, Diiiul 
Poly 1X77, 224, .'it.'), Compt rend 1X77. 83, 77, 84, dOil, Jahr. C'hein 1X77, 
30, llaB.J C >S 1X77, 31, ;!(M, Chem .C'eiitr 1,S77, 48, .'f2.'l, Coinjit lend 

1.S77, 84, OtKl See also II Pellet. .Mon Sei l,S7X, 20, .'i.'i.S. Chem hid IX7X, 

I, :«7;\VaK Jahr I.S7.S, 24, 4.'i0, Chem Tech Kep. 1X7S. 17, II, ISli 

1. Pogg Ann 1X71, 144, .'110. J.ahr Client 1X71, 23, 1122 Ainei 
Chemist, 1X72, 2, :i4.5, J C S 1X72, 25, ;W7 Poly, Ciiitr 1 872,' 38, IP! 

2 l.es Mondes, Jan IX, 1x72, Amer Cheimst, 1X72, 2, 4.14 Chai/.al, 
Hull de la Six' I'raiic de Phot IX7X, 24, 41 

1! Dingl Poly 1X72, 204, .'ilO. Zeit Ver Ilcnt Tug. 18, g.'gi 
4 li P 2fj!i:i, 1X72, I4.'i. 187:1, t2:i(l, 1X80; P P ‘IP.'iXO, 1872, ahsl. 

J. A C S 1882. 4, 41, Wag Jahr. 18X1, 27, .'l.'iO, Her 1874, 7, 74*; Ihngl 
Poly. 1X74 , 213, 174, Hayr. hid Gewirlxlil 1X71, 27(1; Chem 'feeh Mitth 
1X74-187.5, 218. S. Mackie and C h'anre. If P. 1880. 1878 S. Mftckie, 
C. Faure and G. Trench, 1! P. 20(12, .'Itilg. 1874;*2742, 187(1, 1014, 1877. 

5. Amcr. J. Pharm. 1872, 44, 241; Chem Tech Rep. 1872, 11, t, 1.50; 
.Mon. Phot 1872, 11, 181; Pharm J Trans. (.1), 2, 1047; Jahr Clicin. 1872, 
25, 984; Chem. Centr. 1872, 43, .5.51; J C S 187:1, 28, .540. Mon Phot. 
187.1, 12, 30; Phot Archiv, 187:1,12; Poly. Centr 187.1. 39, .593; Poly. Notiz 

1873, No. 6; Chem. Tech. Mitfli. 1872-187:1, 40. Bull. Soe. Franc. Phot. 

1874, 20, 119; Chem. Tech. Rep. 187,5, 14, 11, 217 • 

6, E. P. 2430, 1871; abst. Her. 1872, 5, 441, abst. Wag, Jahr. 1872, 
10, 299, Dent. Indztg. 1872, 10, 238; Chem. Tech, Rep. 1872, 11, I, 129. 
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or ultramarine, and periodically examining the products for devel¬ 
opment of acidity from the color of the indicator. ,E. Brown* 
found that nitrocellulose containing 20% of wateV does not ex¬ 
plode. 'M. Berthelot made tW first of his numerous contribu¬ 
tions on the energy of explosive substance in 1<S71,^ the author 
discussing the subject, especially from the thermodynamic stand¬ 
point. His conclusions were that guncotton, unlike nitroglycerol, 
does not contain sufficient oxygen for its complete combustion, 
the products formed on explosion, therefore, being exceedingly 
complex. It differs from other explosive substances rather by 
greater initial pressure than by maximum work, the empirical 
results of Piobert’ agreeing well with the calculated result: 
Whereas theory shows the desirability of causing guncotton to 
explode in the minimum space, as practiced by Abel in compress¬ 
ing it (see p. 2160). lie found that more energy may be obtained 
from guncotton by adding to it niter or potassium chlorate, but 
as the combustion is then complete, the effects of dissociation 
during the expansion of the products are less evident, and the 
mixture will have greater bursting power. 

In a later communication, Berthelot found that when gun¬ 
cotton is prepared by the action of nitro-sulfuric acid, the reaction 
being interrupted at the end of 20 minutes and the product 
weighed in order to detenninc the amount of acid fixed, it was 
each time found to amount to 4..') equivalents. 11,000 heat units 
were disengaged per equivalent of acid fixed, or .1.5,000 in the 
normal reaction: 

C, 2 H. 2 „ 0 ,„ .5HN03Qi|,H,606{N02)6 5 H 2 C) 

These nunioers, compared with nitroglycerol, explain the rela¬ 
tively greater .stability of guncotton. The amount of heat lib- 

1. Dingl Poly. 1872, 206, .500; Mechanics Mag. 1872, 478; Poly. 
Centr. 18r3, 39, 268; Deut. Industrieztg 1873, 38; Wag, Jahr, 1873, 19, 
3,5.5; Chem. Tech. Rep. 1873,12,1, 1.50, F. Kreke, Arch. Neerland, 7, Jahr. 
Chem..l872, 1.5,5. 

2. Compt rend. 1871,.73, 260; J. C. S. 1871, 24, 873; Jahr. Chem. 
1871, 24, 80; Bull. Soc. Chim. 1871,16, 223; Chem. Zts. 1871,14, 345; Mon. 
Sci. 1871, 13, 40-.57: Ann. Chim. Phys. 1871, 23, 223; Chem. Centr, 1872, 
43,81; Chem. News, 1872,25, 166. Ann. Chim. Phys. 1891, 23, 503; Compt. 
rend. 1891,112, 16; abst. Jahr. Chem. 1891, 44, 222. See also Compt. rend. 
1856, 42, nil; Institut. 1856, 205; Arch. ph»nat. 32, ;i.33; J. prakt. Chem. 
1856. 69, 450; Chem. Ceptr. 1856, 27, 625; Jahr. Chem. 1856, 9,662. 

3. "Traite d’Artilleric,” partie theoreUque, 496. L. Peck, Pop. Sci. 
Month. 1879, 14 , 696. 
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crated in tin explosive decomposition of nitroglycerol, calculated 
on the most probable hypothesis, is jbout double that evolved 
by an equal weight of guncotton. ^ 

"• In 1873 appeared the contributions of Fcrrier,' Ouilleminot,’ 
J. Lovering,’ Carett,* and Rcygondaud,‘ and th*e improvements 
in guncotton manufacture of Burkart.' The latter found that 
guncotton ignited in thin wooden boxes, bums without explosion; 
but if the walls are thicker than ‘/s inch, explosion ensues. R. 
Radau’ determined, in a repetition of the experiments of Ber- 
thelot mentioned above, that one kilo of guncotton in cxphxling, 
exerts a force equivalent to 172 metric tons. A. Biennait’ pat- 
etfted a cartridge waterproofed by collodion, while Spooner and 
the Pyroxyline Manufacturing Co." advocated admixing cotton 
with the fibers of Esailapius weed or flax, previous to nitration, 
to obtain special effects. 

The next year witnes.sed the comparatively unimportant 
developments of A.Chardon,'” Liebert," Cour\’oisicr'’and Cassan,” 
and the patented processes of C. Carobbi and G. Bellini,” for an 
explosive material for actuating an air compressing engine, and 
made of nitrated rags, of C. Faure and (1. Trench” for an explosive 
of guncotton, charcoal, barium nitrate and potassium chlorate, 
and of L, dc Froideville'* for collodion-coated cartridges and tor¬ 
pedoes. 

1. Mon Phot. 187.3, 12 , Pi!), Bull. .Soc Prane Phot. IK7.t. 19 , 202 

2. Mon. Phot. 1873, 12 , .57; Bull, Soc Franc Phot 1873, 19 , IM, 187.5, 
21 , 87 Mon. Phot, 187.5, 14 , .58. 

3. Pop. Sci, Monthly, 1873, 2 , 01. # 

4. Mon. Phot. 1873, 12 , 41; Bull. Soc. Franc Phot. 1873, 19 , 00. 

.5. Mon. Phot. 1874, 13 , 12!). 

6. BerRgeist, 1872, ,507, ,523, .5;j7, ,517, fill; Poly Centr 1872 , 39 , 
1482; 1873, 39 , 131; Jahr Chem 1873, 26 , 1027, Dingl Poly. 1873, 267 , 173. 

7. Mon. Sci. 1873, IS, 835; Wag. Jahr, 1873, M, 3,54. Jahr Chem. 

1873, 26 , 1030. 

8. E. P. 1348, 1873. 

9. E. P. 1170, 1873. 

10. Bull. Soc. Franc. Phot. 1874, 20 , 1)1, Monit. Phot. 1877, ISlf 117. 

11. Bull. Soc. Franc. Phot. 1874, 20 , 162 

12. F. P. 96530, 1874; abst. Bull. Soc. Chlm..l874, 21 , 192; Wag. Jahr. 

1874, 20 , 425. 

13. Monit. Phot. 1874, 13 , 105. Bull Soc Franc. Phot 1874, 26 , 169, 
287. See also G. Brown, Poly. Centr. 1874, 40 , 07. 

14. E. P. 961, 1874. 

15. E. P. 3781, 1874; abst. fler. 1876, 9 , 649; Dingl, Poly. 1876, 221 , 
94; Deut. Ind. Ztg. 1876, 228; Wag. Jahr. 1876. 22 , 479; Chem. Tech. Rep. 
1876, IS, I, 388; Bayer. Ind. u. Gewerbebl. 9 , 141; Cheln. Tech. Mitth. 1876, 
26 , 206; Zts. Chem. Grossgewerbe, 1876, 1 , 233. 

16. E. P. 1276, 1874 
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The coininuiiications of I). Bickford/ H.-Beins,'tF. Dumas/ 
Gripon/ GreciiiiiL'/ tlic Vigorite guncotton explosive,,of O. Nor- 
dcnfcldt and Iv. Bjorknian,'* and the xyloidine fuSe of D. Spill/ 
(J. Lohse* reported examination of the light spectrum of 
ploding guncotton, and described definite liiies and wave lengths, 
but H. Vogel showed that the spectrum was due to traces of 
calcium present as .an unavoidable impurity in the nitrated cellu¬ 
lose.'-’ Billaud and Ballaudof” miule minor contributions. 

'I'lie year 1S7() is consjiicuous for the paucity of meritorious 
contributions. Carbutt," II. Grimes,'-and the nitroccllulo.se ex¬ 
plosive of J. Bantock,"’ and the nitrated wood pulp of E. Gardner'-' 
may be cited. ' 

The year following, Bolton,"'G. Canet,"' II. Eales,'’ C. Klic,"' 

E. Kirchner,'''and F. Hess and J. .Schwab,-" illuminated various 

1 l! 1>. 1170. Lsr.'i, iilist E<-[- 1.S7.1. 8, 171, Wag. Jalir 1E7.5, 21, 
■TIE; Chem Tech Rc-p 187.'), 14, f, 217, Chem News, 1874, 29, 74 

2 Pop Sci Moil 187.'), 7, 247. .See also C', Wahely, Wilson’s Phot 
Mosaics, LST.'), 20. 

2. ISiill fsoe. P'ratic Phot. 187."), 21, !i 

■1 I,a Nature, 187,'>, ,'>7(1 ^ 

.'•) li P.20-14, 187.'), E, P IIO.'ITI, l.S7.'),ahst Mon ,Sci 1.870,18, 100') 
0 E Ejorkman, li P. 24.'>0, 187.'>, ahst. Chem Tech Mitth 1877, 
27, 240, Dent. Iml Ztg 1.870, .')8, Chem Tech. Rep 187,'>, 14, 11, 210, Zts 
Chem C.rossgewerhe, 1870, 1, '222 .See also Dmgl Poly 1877, 225, 10.8, 
Jahr Chem 1877.30, 1100, Berg n linttenm Ztg 38, 122 

7. li P 1720, 187,'), ahst Her 1,870, 9, 220, Wag Jahr 1877, 23, 2.84, 

8 Pogg Ann 1872, 150, 041, Jahr Chem 1,872, 2G, 1.'ll, Chem Centr 

I. 874,45, 112, J C S. 187,'), 28, 110 

0 Dingl Poly 1878.229, 101,Wie<l Ann Phys 1878, 3, 01.'), Jahr 
Chem. 1878, 31, 170, Zts Chem Grossgewerhe, 1,87.8, 3, 080 

10. l-tellandof, Hull. Soe Franc. Phot 1874, 20, 47. Also spellerl 
"Billot ami Billaudot," Hull .Sue ih-anc. Phot 1877, 23, 121 .See also, J. 
(lavey, Chem Tech Rep 187.8, 1. 2.'),'). F. llomaiin, Ann 1878, 190, 2,82, 

J. C. .S. 1878. 34, 200. 

11 Hull vSoc Franc Phot. 1.870, 22, 04 

12 Wilson's Photograt>hic Mosaics, 1870, 80 

12. li. P 4.8110, 1870 

14 H. P .20.')0, 1,870 

I.'). Phot Mitth 1877, 14, 107 

10 i-Rcv d’Artil 1877, 9, 27.') • ' 

17. 11. R P 18")2, 1877; ahst Chem Ind 1878,1,27"), Chem Tec'-. 
Mittk. 187,8-1870, 28, 20,'); Chem. Tech. Rep. 1878, 17, I, 250. 

18. Pri?c. Amer Phanri Assoc. 1877, 25, 280; Amer. J. Phann 1877,201 
10. Chem Tech. Rep. 1877, 16, 1, 400, Muenckc (D R P. 000, 1877; 

ahst. Wag. Jahr, 1878, 24, 400, 407; Chem. tnd. 1878, 1, 127) saturated 
nitrocellulose with i)uraflin or other easily fusible indifferent substance to 
water proof it. 

20. Wien. Acad Her 1877, 75, II, ^^I2; Jahr. Chem 1877, 30, 524. 

F. Hess, Mitth. Gegen.r.Artil Genie-Wesens. 1878, 121; ab,st. Wag Jahr. 1878, 
24, 461; Dingl, Poly. 1878, 229, 484; J. A. C. S. 1879, 1, 360; Zts. anal. Chem. 
1879, 18, 352; Rev. d’Artil. 1879, 13, 339, 540. Mitth. Gegen. Artil. Genie- 
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anjjics of tlio subject, while VV. CuMidefroy' published his method 
to obtain "^inrotlon perfectly solubli* in ether.” S. Ibivey,-'and 
ajjo T. Davey’ disclosed methods for the co-nitration of starch 
and su^ar in the fonnation of commercial explosive preparations. 

As judged by the memoirs published, a diminution of interest 
was manifested in ISV.s, the more meritoriotis contributions upon 
nitrated carbohydrates iiicludui}; the ])ublicutions of C. Bieker- 
hinn,' de I’ietteurs,’ .\. h'ord," lleemkerch,’ H. Judson,’* and the 
relatively important disclosures of M. \. h'orster" and of (1. 
wolfram.The former compressed guncotton in a small lube, 
;uad used as a detonator, the work of the latter author is taken up 
in connection with the topic ''Chemistry ol the Cellulose Nitrates 
1]). Kill). 

lit 1.S7I) ma_\ be recorded the work ol Cooper," .\ Datibreo,'- 
llarrison,'-' the umicottiai and bariutu nitrate mixture of J. 1 bitter," 

Weseils I.HSO, pi V. Cllrin 'i'eeli itep I,S,S(I, 19, I. .'la'I. Mitt I,;ih lies 
Teih II .Xdniniist.ilivi n .Milil.u-r C'niiiiiiiti 1S.S(I, Wat; Jalir IKKI). 26, 
XTl.'. I'rtK i S Na\ Inst l,S.SI. 7, lilS 

1 I’loe \nui I’liariii Assne IS77. 25, l!.S.s; Zts Oesleir .A))otli Ver 
I.S77, 7(111, Vi Itonk I'h.iiin l,S77, 211 , Clii ni Teelt l<c|i 1,S77, 16, I, .VW, 
.Amer J I’h.triii l,S77. 43, A, I 

2 Iv !• 2.sa2. i.S77,alist Her l,s7.s, 11, l:WO, flieiii Ceiilr 1X7,S. 49, 
(i-IO, W.it; Ja' r 1.S7.S, 24, I(i7, CIteiii Teeli Ke]i I.S7X. 17, I, ,'i,s.s, Iliiigl 
INilv 1X77, 230, I.SX, Clieiii Iinl !x7S. 1, lox Ic Ik j2U.'l.'lll, iX/'.l ahst 
.Moil Sei 1X711, 21, 102'.) 

a i; 1> 2072, I.SOl*. alist I'niy Ciiilr 1X00, 31, 170, DiiikI IVilv 
IKOO, 156, 7X, J.ilir CIkiii I.SOI), 13, 011 I 

I Rev (I'Artil IX7.S, 11, dXI 

Hull Sue l''iaii(: lie Hlint 1X7X. 24, 2.70 

0 li H 2002. JX7X, .ibst J A C V 1X70, 1, 201 

7 I) R H .7111. IX7X,al)sl I)ini;l I'niy I.X7',I, 233, 210, Cliem Teeli 
Rep 1.S70, 18, II, 221 

X 1) R P OIXM, IS7X, lliiigl Poly 1X7'I, 234, 2.‘.2, Clieiii Teeli Reii 
1X70, 18, I, 200, Wag Jalir 1X70, 25, -122, Cliem Zlg 1X70, 3,00, J A C, S 
1X70, 1, 202, Zts Cheni (Irnssgewerhe, 1X70, 4, 2,S0 

0 Cheni Tech Keii hSXO, 19, I, .'ill I) R P. tOXIO, 1X70, ahst 
Diiigl Pnly IXXO, 238, 22X Itel iiiit’iii 31, 112, 35, 2X1, llerg Hutteiiinann. 
Ztg, 1X78, 117, Wag Jahr IXXO, 26, 27X, Iiiiltislikhl. 1.XX0, 02X • 

10 Diiigl Poly 1X7X, 230, t.7, IIX; J C S 1X70, 36, 2IX, Cheiti Centr, 

1X7X, 49, 702, Jahr Cheni IX7X, 31, 022, Wag Jahr IX7X, 24, 410, Plxirm. 

Centralh 1X70, 20, 12, Proe Amer Phaini 1X70, 27, *127, Cheni. 

Tech Rep 1X7X, 11,17, IXX 

11. Bull. Poe Franc Phot. 1X70,25,0 

12. Rev. d’Artil 1X70, 15, 03. 

12. Bull Soc Franc. Phot. 1X70, 25, 2X2 

14. D. R. P. 2867, 1878, alfst. Ber. 1870, 12, 208, J A C. S, 1X70, 1, 
120; Industricztg, 1870, 121; Ber 1870, 12, 208; Ct».-m. hid. 1870, 2, .lO; 
Chem. Ztg 1870, 3, 06; Berg. u. Huttenm. Ztg 1870, 17.5, Oingl. Poly 1870, 
232, 188; Chem. Centr. 1870, 50, 448; Wag. Jahr. 1X70, 25, 422; Zts. Chem. 
Oros|gcwerbe, 1879, 4, 287, Chem, Tech. Hep. 1870, 18, ^ 200. , 
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the celloidin of E- Schering/ the lead nitrate and nitrocotton 
combination of L. O’Shea and C. Brooks,^ the pyr'oxylin lacquer 
of H. Parkes with camphor and carbon tetrachloride as solvent ’ 
and the commumcations of L. Warnecke* and Bardy.® 

It was in 1879 that the first of a series "of unusually important 
papers appeared by E. Sarrau and P. Vieille,® on the decomposition 
of guncotton in closed vessels, the pulverulent guncotton used 
in the experiments having the composition C, 24; N, 12.7; 0, 
55.0; H. 2.4; residue, 2.4; and moisture, 2.0. Measurements of 
the pressures produced by deflagrating different quantities in a 
cylinder capable of holding ■30..8 cc. gave the following results: , 


Density of 

Pressure 

Density of 

Pressure 

Products 

in Kilos 

Products 

in Kilos 


per vSq. Cm. 


per Sq. Cm. 

0.10 

1,190 

0 30 

5,920 

0.15 

2,200 

0.35 

7,730 

0.20 

3,090 

0.45 

9,760 

0 25 

4,670 

0 55 

11,840 


The heat produced by the combustion of one kilogram of 
the dry substance = 1,045 cals., the density of the products 
being ().()2I5 under a pressure of 250 kilos. The volume of per¬ 
manent gas measured at 0° and 760 mm. produced by 1 kilogram 
of the dry substance varied with the density of the products. 

Density Volume of Gas 

0 010 658 5 liters 

0 020 669.1 liters 

0 200 678.7 liters 

1. K. P. 1451, 1877; 4771, 1879; D. R. P. 2660, 1878; abst. J. A. C. S. 
1879, 1, 175, 179; Diiigl, Poly. 1879, 231, 94; 232, 192; Ber. 1879, 12, 310; 
Dcut, Industrieztg. 1879, 18; Chem,.Ind. 1879, 2, 85; Wag. Jahr. 1879, 25, 
420; Chem. Tech. Rep. 1878, 17, H, 166; 1879, 15, I, 233; Indtistriebl. 

1879, 94; Phot. Corresp. 16, 134. 

2. E. P. 4394, 1879. 

3. K. P. 1809, 1879; D. R. P, 10210, 1879; abst. J. A. C. S. 1880, 2, 
231; Dingl. Poly. 1880, 233, 262; Wag. Jahr, 1880, 26, 835, 

4. ,l>hot. Mitth. No. 177, 239; abst. Chem. Ztg. 1879, -3, 198; Chem. 
Tech. Rep. 1879, 13, 1, 288. 

5. Bull. Sm. Franc. Phot. 1879, 25, 46. 

6. Compt. rend. 1879, 89, 165, 169; 1880, 90, 1058, 1112; abst. Chem. 
News, 1879, 40, 89; 1880, 41, 273, 282; 42, 282; J. A. C. S. 1879, 1, 399; 1880, 
2, 435; J. C. S. 1880, 38, 780; 1881, 40, 342, 483; Bull. Soc. Chim. 1880, 33, 
.581; 34, 556; Mon. .Sci. 1879, 21, 958; 1880, 22, 680, 686; Rev. Set. 1879, 
24, 117; Ber. 1879, 12, 2157; 1880, 13, 1369, 1477; Chem. Centr. 1880, 51, 
391; Chem. Ind. 1879, 2, 322; Chem. Tech! Rep. 1879, 18, II, 218; Dingl. 
Poly. 1879, 233, 494; 1880, 237, 253; Jahr. reine Chem. 1880, 8, 31; Jahr. 
Chem. 1879, 32, 1116; 1880, 33, 127, 1303, 1304; Wag. Jahr. 1879, », 419; 

1880, 26, 380. Compt. rend. 1881, 93, 269; abst. Jahr. Chem. 1881, 34, 1131; 
Chem.^News, 1879, 40, 89. 
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average 

composition of the gas also varied in a .similar manner. 

Density 

•Pressure 

CO. 

Ct) 

H 

N 

0 023 

2,SO 

23 72 

43 24 

17 28 

15 76 

0 200 

3000 

28 88 

37.81 

18 95 

14.85 

0 300 

5020 

30 42 

38 28 

18.70 

14.54 


No methane, hyelnx-yanic acid, nor nitrons vapors were 
formed. The amount of water produced in the experiments under 
the lowest pressure was equal to 15.(1% of the weight of the gun¬ 
cotton employed. In all the expKriments, with the exception of 
the determinations of the pressures, the guncotton was deflagrated 
in an atmosphere of nitrogen. Wlien deflagrated in oxygen, the 
Results are somewhat modified. 

In a second memoir' it w'as determined that guncotton, under 
ordinary pressures, when detonation docs not occur, but the sub¬ 
stance is simply inflamed by a fuse, the products of the decom¬ 
position are very different. The following table gives the com¬ 
position of the gas produced by the combustion of 1 kilo of different 
explosives: 



NO 

CO 

CO, 

H 

N 

CH, 

Total 

biters 

(Uincotton .. 

i:i0 

237 

104 

45 

.33 

7 

565 

(iuncotton with 50^ i po¬ 
tassium nitrate 

71 

58 

57 

3 

7 

0 

196 

Guncotton, with 00% 
ammonium nitiatc . . 

122 

8.1 

KB 

12 

112 

0 

414 

Nitroglycerol. • 

218 

182 

.58 

7 

8 

1 

452 


In every case nitric oxide and carbonic oxide are produced 
in considerable quantities. It ist therefore, necessary in mining 
operations, to take special care to ensure detonation. 

In a third contribution,^ upon the heat of formation of gun¬ 
cotton, these authors studied the decomposition of ordinary gun¬ 
cotton, 3C6H7(N02)306 — C 6 H 8 (NOt) 206 , undct various condi¬ 
tions, and find that at pressures near that of the atmosphere the 
whole of the nitrogen is eliminated as nitric oxide, bufal higher 
pressures it is reduced, and the .sole products of combustion are 
nitrogen, hydrogen, carbonic oxide and anhydride, and water, the 
proportion of carbonic oxide and water decreasing with increase 
of pressure, while that of the carbonic anhydride and hydrogen 
increases. The heat of ciRnbustion of guncotton was found to 

1. Compt. rend. 1880, 80, 1058, 1112; abst. j. C. S. 1880, 3S, 780; 
Bet. 1880, IS, 1477; Bull. Soc. Chim. 1880, 33, 681. 

, 2. BuU. Soc. Chim. 1880, S3, 581; abst. J. C. S. 1§81, 40, 342. , 



1()2S TECHNOLOGY OE CELLULOSE ‘ESTERS 

be l(t70 cals, per kilogram, and the heat df formation .542 per 
kilogram, or (i2() per ecpiivaleht. » 

They found* that the heat developed by the decompositioi] 
of an explosive is a quantity of the first importance in calculating 
theoretically the maximum amount of work which it can do. 
The actual determination of this quantity is, however, a matter 
of difficulty, since the nature of the decomposition depends on 
the conditions under which it takes place, and consequently the 
amount of heat developed also varies. If, however, the heat of 
formation of the compound, and the composition and heat of 
formation of the products of decomposition are known, the heat, 
developed by the decomposition can be calcidated, for it will be 
equal to the excess of the heat of formati(Jti of the products above 
that of the original compound. In order to determine the heat 
of formation, it is necessary to know the actual heat developed by 
the combustion of the substance, the composition of the products, 
and their heats of formation. The heat of formation of the ex¬ 
plosive is ecpial to the difference between the heat of formation 
of the products of the combustion and the heat developed by the 
combustion. In order to entirely convert the explosive into 
simple products, and thus avoid the errors due to incomplete 
combustion, the authors burn the explosive in an excess of oxygen, 
and determine the amemiit of heat develojied, and the volume 
and composition of the gases ])rodnced. In this way they have 
determined the heat of formation of the principal explosives, 
with the following results: 

Nitroglycerol. Heat of formation Ol.O cals. The number 
calculated from the heat of combustion of glycerol as determined 
by Louguinine, and the heat of formation of nitric acid and its 
action on glycerol as determined by Ilcrthelot is O(i.l) cals. 

Nitm-niannilol. Heat of formation, Itil..') cals. 

Guncotton. CiiiHasNnOj.;. Heat of formation, ()lit)..5 cals. 

In 1880, may be noted the developments made by W. Wahl,'* 

R. Warren,* A. Moreau,'' II. 'I'rotman.''’ The blasting and min- 

1. Compt. rend. 1,S81, 93, 2t;i, 2(it), abst. J. C. S. 1S8I, 40, 9(1S; J C. 

S. 1881, 40, iaT3. See also Uev. Sci. 1881, 28, 190, 221. Proc U. S Nav. 
Tnst. 1882, 8, 306; Jahr. Chem. 1881, 34, llil; Jahr. Wag. 1881, 27, 341; 
Chem. bid. 1881, 4, 384;a:hen» Tech. Rep. 1.S81, 20, II, 134. • 

2. Pop. Sci. Monthly, 1880, 16, 8.W, 

3. U. S. P. 227601, 1880; ab.st J. A. C. S. 1880, 2, 229. 

4. fProc. U. S. I4av. Inst. 188.', 7, 483; Mem. Soc. Ing. Civils., Def., 
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in>; cartriilt;e of 1'. Iliinl' comprized wet tnincottoii fired elec¬ 
trically; I, En;;els descrilred “Atlasdynamite,"® H. I’rod’Iionmie* 
combined niftocotton with the nitrates of potassium, sorlium, 
•talcium and harinm, while J. l.anfrcy and J. Renard* put upon 
the market an explosive ma<le hy nitratinsj slraV, which is .said to 
he ahle to ahsorh 7o' i of iiitrof;lycerol. 

In the ])eri(Ml up to and inchidiiif; ISStl, appeared a number of 
contrihutions to carious phases of the nitrocellulose art, of which 
at least, mention should he made in a historical survey of the 
subject. Tliesc iueludcd the wriliuj;s of Caron,'' (Ippennann,* 
l.utraud,® \V. Hraude," J. -Stcuhouse,'' |. Russel,Iv. Schultze," 
A. Sohrero,''-'Sauerwi iu," 1. I’erso/," llislop,'-' v. Hilda,Melland,'® 

1.5.50. .Schools of Mines (Jiiart 3, No C Poh’ f ,S Xav. fast IH81, 7, 

-t!t7. il'.trtil . Xo\ I.SSI I'lor 1' S X.tv Inst I.S,SI. 7, 41111, Mcrn 

Soc Iiu; I'lvils . Si (It IS.SI 

.■> i; 1’ L’-MCi, 1S7'I. .ihsi lid l.s,su. 13, Ilia, I A C S I,SSI), 2, 
lillu, Chini hill I.S.SII, 3, L'll.'i, Clnni Tich Ih'ii IS,SO. 19, .440 
I M I’ .4171, I.s,S0 

L’ I> k 1' I024L>, I.s7ii, .il)4 UmikI I’olv I.S.S0. 238, .42.S, 4.42, Cheiii. 

/.IK IS,S0, 4, .422. 72.4, W.ii; .l.iln l,S.SI), 32, 4111. I.SK7, 33, ,47.4; Jahr. Chcni 
ls.ss.*41, 141 1, J .\ C S 1.S.S0. 2, l0.4.Ch(iii lull I.S,S0, 3, 270, Iinlustriel)!. 

1.5.50. .4.40. Chian 4'ceh Kip l,s.so. 19, I, ,4.40 Sec also i)iait. Ind ZtK 

1.5.50. (111 

.4 !•; P 4200, I.SSO, ahst W .ij; J.ihi 1,SSI, 27, 4.41, J A. C. S. 18K2, 

4, IS. Chilli hill hssl, 4, 00. I.SO, .401. Uci I.SSI, 14, 2410, Jalir reine 
CInaii I.SSI, 9, 1.40. Chcni 4'cch Ucp I.SSI. 20, II, 144 

1 li K 1' 12114. IS.S0, .ilol [ACS I SSI, 3, 70; Hull Six-. Chim. 

I,SSI. 35, 2,S7, Chilli hill I.SS1, 4, .44, Chun Tech Kep I.SSI, 20, I, I4K; 
IIiiikI Holy I.SSI. 240, 41. Tci h Chcni Jahr ISSl. 4, 114. Wan J.alir ISSI, 
27, .441. hiihisiin 1,1 I.SSI, 04 K P 4110, IS7.S. absl Diiinl Poly. 1S79, 
234, 2,44, Chcni /.Ik 1470, 3, 104. hnlnstiiclil I.S70, 274, Wan. Jahr. 1879, 
25, IIS.J A C ,S I,S70, 1, 10,4, Chun T.ch Kep 1870. 18, I, 2S9, Chom. 
hill 1S7.S, 1, .440 I' P 1217.80, ahst Mon .Si i 1870,21,10.47,1049 tl 
,S P 27084.4 HeIn P 10,8.44 Anst P. .4.424 Hal P. Ann. 17, 1878. 
Port P June II. 1870 Swell P Ant; 20, 1880 

4 Cosmos, 6, I 111, .ihst Poh Cuitr 18.44, 21, 042, Jahr. Chein. 18,44, 

8 , ISI 

tl 2ts ..\rch n Inn t'er l.SIll, 7, 201. Haver Knnst n (,ewcrbehl 

1.502, .420. Wan J.ihr 1801, 7, .417, 1802, 8, 2,S0. Poly Centr 1801,27,1.4,4.4; 

1.502. 28, 221; 1)1111(1 Polv 1801, 162, I.S7 

7 J Pharin Chiin 1,8.40.18,128 • 

8 Pharrn J Trans 6, .488 

9 Roy .Soc Trans hS-I.S, 138, 70. I.SIO, 139, 499, J prakt Chetn. 1804, 
92, 442, Ann 1848, 68, 78. 1810, 70, 220, ISOirUO, 402, alist.Jahr, Chem. 
1.819, 2, 400, 400, Chcni Ctaitr 1819, 20, 024, 027, Chem Oaz. 1849, 265; 
Phil Mag 1819, 34, 464, Instil. 1849, 208 See also J. C. S. 186,4, 16, 399; 
1864. 17, 299, ahst Chem Centr 1804, 35, .17. 

10. hes Mondes. 1804, 7, 7.47, Mechanics Mag. 12, 106; J. Sci. 1, 401. ^ 

11. "Das Nene Cheraisene Sehiesspiilver,'' Berlin, 1804, .35. Wag. 
Jahr. 1864, 10, 244, 251; Dingl Polv 1861, 174, 423rBerg. u. Htittenm. Ztg, 
1864. 348. 

12. Ann. 1,84,4, 64, 497, Jahr. Chem. 1817-1848, 1, 1145; Amcr. J. Sci. 
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Pannier,* Bizio,^ Pohl,* C. Weber,* D’Almeida* as well as others.® 
Fluxation of the Art, Period 1881-1^90. The general, broad 
theoretical aspects of the chemistry of the cellulose nitrates were 

1847, “4, 274; Compt. rend. 1847, 24, 247; 25, 121; Dingl. Poly. 1847, 105, 
387; Ann. Rep. Chem. 1847-1848, 2, 377; J. prakt. Chem, 1847, 40, 421; 
Berz. Jahr. 1849, 28, 3.58; Rev. d’Artil. 1877, 9, 597. 

13. Mitth. Hanover. Gewerbeverein. 186i, 302; Dingl. Poly. 1862, 164, 
123; Proc. Amer. Pharm, Assoc. 1862, 11, 144; Poly. Centr. 1862, 28, 459; 
Wag. Jahr. 1861, 7, 2.34; 1862, 8, 280; Chem. Centr. 1862, 33, 865. 

14. Poly. Centr. 1866, 32, 198, 617. Dent. Ind. Ztg. 1867, 5; Wieck's 
Gewerbeztg. 1867, 96; Chem. Centr. 1867, 38, 448; Wag. Jahr. 1867, 13, 
564; J. Soc. Arts, 1867, 15, 19. 

15. Phot. Jahr. 1, 75. Brit. J. Phot. 17, 75. 

16. Phot. Jahr. 14, 128; Brit. J. Phot. 1900, 47, 128. 

17. Mech. Mag. N. S. 15, 227. 

1. Mon. Ind. Bcig. 6 , 2,52. 

2. L’Instit. No. 709, 2.51. 

3. Poly. Centr. 1848, 14, 1534. 

4. J, S. C. I. 1893, 12, 117; abst. Chem Ztg, Rep. 1893, 17, 85. 

5. J. de Physique, 1913, (5), 11,121 

6. Amat, Photo. 1893, 17, 361; 1898, 28, 866; Am. J. Pharm. 1860, 
32, 449; Ann. 1861, 119, 111, 112; Am. J. Photo 1862, 5, 23; Anthony Photo. 
Bull. 1890, 21, 616; Arch. Pharm. 154, 270; abst. Poly. Centr. 1861, 747; 
Bayerisches Industrie und Gewerbe-Blatt, 1870, 2, 216; Chem. News, 1860, 
1, 208; 1861, 4, 41; 1862, 5, 140; 1863, 7, ISO; 8, 141, 175; I8(M, 9, 2,5', 268, 
284; 10, 102, 161, 296; 1865, 12, 278; 1866, 14, 2.50; 1807, 15, 10, 47, 189; 
18, 222; 1870, 22, 263; 1909, 99, 83, 136, 1,52, 159; Chem News, Amer. Re¬ 
print, 1867,274; Chem. Tech. Rep 1869,8, 1,103; 1871, 10, II, 100; 1872,11, 
1,129; 1891, 30, 1,186; Chcm.,Centr. 1849,207,307; Ding Poly J. 1846, 102, 
252, 331, 408; 1847, 103, 42, 48, 53, 209, 224; 1803, 169, 77; 1872, 203, 325; 
Wehr. Ztg, 1882,13; Deutsche IlccrosZtg. 1882, 17; Rngng 4, 467; N. Erhnd. 
u. Erfahr. 1880, 7, 538; Harpers Weekly, 1909, 53, ,33, Berg, u, Huttenmann 
Ztg. 1867, 48; Ind. Ztg. 20, 171; Ind. B1 26, 17; J. Soc Arts, 12, 3.57, 686; 
Jahr. Phot. 1898, 12, 404; 1902, 16, 515; 1905, 19, 4il; 1914, 28, 75; J. Frank. 
Inst. 1881, 78, 141; J. C. ,S. 1804, 16, 2; 1,868, 20, .326, ,333; J. prakt Chem. 
1847, 40, 193, 413; 41, 242; 1848, 43, 42, 242; 45, 375; Mon. Phot. 1863-1864, 

3, 36; 1865-1866, 5, 4, 138; 1866-1867, 6, 9, 87, 96; 1867-1868, 7, 30, 78; 
1870-1871, 10, 134, 135; 1874, 13, 105, 127; La Nature, 1875, I, 2,54; Militar- 
Wochenblatt, Nov. 1846, No. 48; Mechanic’s Magazine, 27, 47; Dcut. In- 
dustrieztg. 10, 56; Lcs Mondes, 1565, 7, 464; 1805, 9, ,510; 1874, 33, 243; 
1878, 47, 641; N. Erfind. u. Erfahr. 1876, 3, 338; 1879, 6, 91, 92; 1881, 8, 
281; 1897, 24, 126; Poudre Coton, 1868, 24, 1133; 1870, 28, ,54; Photo. Mitth. 

4, 23,3; Photo. 1897, 9, 624; Pharm, Centr. 1903, 45, 302; N. Report f. 
Pharm. 1872, 1, 6; Pharm. Ztg. 1891, 113; Am. J. Pharm. 1872, 44, 165; 
1891, 63, 189; Gewcrbcbl. Wurtenberg, 1864, 14; Pr. Mech„ J. 8, 172, 201; 
9, 253, 2^, 314; Poly. Centr. 1847, 13, 36, 161, 416, 1533; 1848, 14, 1532; 
1849, 15, 1464; 1854, 20, 1468; 1855, 21, 1471; 1861, 27, 746; 1863, 29, 1171; 
1869, 35, 1193; Pharm. J. Tjans. 5, 273; 6, 207, 264, 938; 7, 478; 8, 421; 9, 
84, 487; 15, 430; Romb. Ztg. 39, 54; Rev. d’Art. 33, 171; Sci. Amer. 1881, 
45, 58; Soc. Can. 1881, 9, 162; Engng. 1881, 32, 535; Sci. Am. 61, 25447; 
1882, 5099; 1887, 223; Wag. Jahr. 1864, 10, 238, 239, 245, 246; 1869, IS, 
268; 1871, 17, 318; 1878, 24, 117; Gluckauf, 1879, 8; Wieck’s Gewerbeztg. 
1867, 410; Witthaus Med. Chem. 1881, Watfenschm. 2, 91; Chem. 
Tech. Mitth. 1861-1862, 46; 1863-1864, 150; Chem. News, Amer. Reprint, 
1869, 4, 97; Weavers Military Explosives, 1912. Jahr. Chem. 1847-1^8, 
1, 1143; 1849, 2, 471. See also Mellez, J. Pharm. Chim. 1851, 3W, 128. 
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pretty clearly* elucidated during this decade, as indicated in the 
topic ‘‘Chein^itrj of the Cellulose Nitfates," and coupled with 
the exact knowledge on stability and dfcomposition which resulted 
from the laboratory and mental analyses of previous investigators, 
this ])cri(xl is remarkable for the miml)cr and diversity of com¬ 
mercial ramilications oi the art as a whole. I’harmacy, photog¬ 
raphy, lacc[uers, plastics -all seemed to recei\'e an impetus in this 
period, not so much from investigations chronicled from IKSl 
onward, as from the economical fruition of past in\'estigations 
apparently <lormant. 

In the development of thermoplastic i)yroxylin combinations, 
may be noted the pna'csses of C. I.ockwoiKl,' S. lloggson and O. 
I’eftis.M'., Dean,' 1.. Beals,'* I, Drummond,'' and the explosive prod¬ 
ucts of C. Bjorkman,'' J. I.ewin,’ and S. Mackic," which are fairly 
rcpresentati\'eof tendeni ics in this directitm. 'I'lic collodion photo¬ 
graphic emulsion of J. Wolfram," the cellulose nitration processes 
of M. Sanlaville and S. Roche,"’ Bochez and Biiiuet," together 
with tht^conlribntionsof hi. Brice ]'aiwards,'"T. baidlcy,''* J. Ivder,'* 

I. B S. P 240S!)I, 1RS1, ,il)St J A C S l.S,Sl, 3, ll«i. 

2 t*. .S P 2.|.‘)!),'i2, IHXI, abst. J A C S l,SHI,3, Ili4 

.4. B. S. P. 24I!)4I. IS.S1; abst. J A. C. S. IXSl. 3, lab 

4 B S P 2:i912:i, 2;i!)l24. 2:iU42."), bSSl, abst J A C, S 1H.S1,3, OS. 

.'i B S P 2is.ll:i. ISSl. abst J A C S IKKI.3, Ills 

0 p; 1> 24, sa. I.H.S0, abst Wan Jabr IS,SI , 27, IWO; J A C S. 18K2. 
4, -11. Chetn liid 1.S.S1, 4, 05. 207, Per 1S.S1. 14, 1420, Poly Nnti/bl 1881, 
36, aO.S, Jalir rciiie t'hein 1.881, 9, 140, Cla-ni Tri4i Itep 1881,20, II, 140; 
J. S C I 18,82, 1, 482 

7. B S. P. 242784, 1,881; 1) K. P l.-|074, 1,881; abst. J ACS 1881, 

3, 101; 1882, 4, 80, ninnl Polv 1.8,82, 246, 181, Wan Jalir. 1881, 27, 440; 
J A C. S. 1,882 , 4, SO, Chnn. Ind 1881, 4, 281, 420, 4.')8, Her 1881, 14, 
2444, J.thr Cliem. 1881, 34, 1274, 1.882, 35, 1411, Indiistru'bl 1881, 414, 
Cheiii Tech Rep 1881,20,11,145,; S, C 1 1.882,1,41 

8. Iv. P. 4240, 1.880: abst Wan Jalir 1881, 27, 440, J A. C S 1882, 

4, 41, Chein Ind 1881, 4, 00, 1.80, 224, Per. 18,81, 14, 1420, Cliem Tech 
Rep. 1881, 20, I, 140. 

9. D. R. P 12200; abst. Wag. Jahr 1881, 27, 004. 

10. IJ. R. P. 14019; abst. Client. Ind 1881. 4, 4.5,8, Iiu.bl, lH8b 4,51; 
Chcra. Tech. Rep. 1881,40, II, 135; Wag Jahr 1881 , 27, 441 , J ,8 C 1.1882, 
1,31; Bull Soc Chim. 1884, 39, .404. 

11. F. P. 140181, 1881; abst Mon Kci 18.82, J4, 744. 

12 Pop. Sci. Month. 1881,13, 428. • 

13. U. S. Serv. M. 1881,1, 345 

14. J. Eder, Sitznngsber. K. Akail der Wissensch 1879, 129, Mar.; 
abst. Wag. Jahr. 1879, 2S, 300; Chem. Ind 1880, 7, 240; Wien. Acad. (2 
Abt.), 79, .537; Jahr. Chem. 1879» 32, 843, J prakt. Cliem. 1879, (2|, 19, 
294: J. C. S. 1879, 36, A, 911; Year Book of Pharm. 1880, 80; Phot. Corr. 
1879, 16, 67; Sci. Amer. .Suppl. 1880, 3777. Ber 1880, 13, 109; Ilingl. Poly. 
1880, 237, 253; Amer. J. Sci. 1880, (3), 19, 405; J. A. C. S. 1880, 2, 173; 
Zts. ang. Chem, 1881, 20, 135; Jahr, Chem. 1880, 33, 1(K).5; Sci. Amer. Suppl. 

S • • • 
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A. Brown,' Van der Bogaert,^ W. Boehler’ and C. Ivlunroe,^ indi¬ 
cate advancement in the year 1881. To the,foregoing should 
be added the coinparativelj unimportant disclosures of T. With- 
erhee,'' and nitrocellulose-nitroglycerol explosives of J. Anders.® 

In 1882 appeared the colloiding pit)cess of guncotton by super¬ 
ficial treatment with methyl or ethyl alcohol;' the F. Katsch- 
insky method of collodion cotton manufacture;* and the commu¬ 
nications of A. h'ord,'-' J. T.efevre’" and M. Berthelot and P. Vieille." 

The next year C. McRoberts published his notes on blasting 
gelatin,'' h'. Petry disclosed a method of explosive paper formation,'® 

1S80, .3777, Cliem Inci I8K0, 7, 240; .Sitz. Her. Wion. Akad. 79, II, ,537; 
Tech HI 12, 173, 210; Phot Coir 16, 117; Phot Mitth. 16, 97; Phot. News, 
25, 149: Hull .Soc Franc Phot. 1881, 27, 119, Chem Tech. Rep. 1880, 19, 
II, 338; Dingl Poly 1881, 239, 475; Wag, Jahr. 1881, 27, 899. J. C. vS. 
18,82.42,111. 

1. Pop .Sci Mon 1,882, 21, 773 ,Sec also J. and J. Mollcr, D. R. P. 
24772, .ihst Chem Tech. Rep. 1883, 22, II, 1,50. 

2. Rev. d'Artil 1881.16,488 493. 

3. Proc. P S. Nav. In.st 1881,7, 473. 

4. lTo<- IJ. .S Nav Inst. 1879, 5, 21. 

5. Proc U. ,S. Nav. Inst. 1882, 8, 298; School of Mines Quart. (3), 4, 

290; lingineer, Dec 2. 1881 

0. K P. 800, 801, 1881; ahst J. A. C. .S. 1882, 4, 48, Wag. Jahr. 1881, 

27, 331; Chem Ind 1881, f 140, 384; Her. 1881, 14, 2318; Jahr. reine Chem. 
1881, 9, 130, Chern Tech Rep. 1881, 20, II, 130, His preparation, which 
was known as Diaspongelatine, eon.sisting of a mi.vtnrc of nitrated wood 
liber, nitroglycerol and sulfur. 

7. W. Reid, 1). R. P. 189,50, 1.882; abst. Dingl. Poly. 1882, 246, 46, 

J .8 C. I. 1911, 30, 851; ahst, C. A. 1911, 5, 334f. W. Reid and D. Johnson, 
1!. P. 019, 1882, Aust. P. April 24, 1883; abst Wag. Jahr. 1883, 29, 389; 
Dingl. Poly. 1,8.83, 248, 50!), Chem, Tech. Rep. 1883, 22, I, 202; Chem. Ind. 
1883, 6 , 10, 

8. Russ Zts Phariii 21, 79.5, abst Jahr. Chem. 1882, 35, 1473; Chem. 
Centr. 1882, 53, 9; Apoth. Ztg. 1882, 3, ,583. 

9. Rept H M Iiisp. Kxp”. 1882, 45, No. 28, 1883, 55, Sept. 19; 1899, 
14.5, abst J. S. C. I 1899, 18, 41,5. 

10. Rev d’Artil. 18,82, 20, 88. 

11. Ann Chim. Phys 1880, 21, .504; Chem. Ind 1882, 4, 88; Compt. 
rend 1,880. 90, 941); Dull Soc. Chim. 1881, 35, 599; Chem. Tech. Rep. 1882, 
21, II 170. P Vieillc, Compt. rend. 1882, 95, 132; abst. Wag. Jahr. 1882, 

28, 10i3. , ' 

12 Proc. Phil Soc. Clasgow, April 25, 1883; abst. Proc. U. S. Nav. 
Inst. 18,8,5, U, 94, J. S. ,C. I. 1890, 9, 20.5, 470; Zts. ang. Chem. 1890, 3, 
492; Wag* Jahr. 1,890, 36, .541; Chem. Ztg. 1890, 14, 379; Chem. Tech Rep. 

I, 890. 29, I, 225; II, 140; Jahr. Chem. 1890, 43, 2705, 2708; Tech. Chem. 

Jahr. 1890-1,891, 13, 1.50, 161, 171; Dingl. Poly. 1890, 278, 418; Mon. Sci. 
1891. 37, ,391; Hull. Soc. Chim. 1891, 6, 518, .521; Rev. Chim, Ind. 1891, 
2, 207; Chem. Ind. 1891, 14, 74. e 

13. Boston J. Chem. 1875, 9, 112; abst. Proc. U. S. Nav. Inst. 188,5, 

II, 115. D. R. P. 51160; abst. Chem. Tech. Rep. 1883, 22, I, 202; Wag. 
Jahr. 1883, 29, 389; Chem. Ind. 1883, 6, 27, 52; Ber. 1883, 16, 265; Poly. 
Notiz, 1884, 39, 120; Chem. Tech. Jahr. 1882-1883, 5, 176. 
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, while the G. \VoIf process of pyroxylin niaimfactiire was detailed.' 
It was in tl^s year that the extensive experiments in the com¬ 
pression of fpiiK^itton were commimiciJte<l hy M. von I’drster," 
aiu) in conjunction with W. Wolf ifle de\<lopment of a colloid 
nitrocotton powiler which is made commcrciallT to this day. 
Tnc xylonite process of J. Ijdsonf and the disclosures of M. 
Hasse & Co.," J. Tiergerou," J. Cundill,’ W. Siemens,'* W. Springer,* 
ami J. Spiller,'* indicate the developmental tendencies. 

It. Nolting and A. Collin detailed their extensive experiments 
of nitrating under diverse ix)nditions in I.SSI," and W McClintiK'k 
the veliK'ities produced by Schultze and It. C. powder in small 
anus.'- Similar is the work of A. Gaudin,''’ II. Abbot'* and C. 
Curtis.'* The spontaneous decomi)osition of explosive gelatin 

1 Phuriii Zts Russ IKKt. 1, ahsl ,\nu-r J Pli.uin ISKt, 55, 27;t, 

.-tuier Pliarni .■\ss<k' IKKt 31, 2-12 

2 RerK u Ilutleuni ZtK 1S7S, 117, Ihiii;! Polv 1K7.S, 228, 2K1, 

Zts C'hetn (Irossficwt-rla', 1S7K, 3, 2,SO DiukI IS»1v l-SSll, 250, -lOO, uhst 

J S C I 1.SH4, 3, :i2il V.iii Xostiaiiil's Muk 1.S.SI, 31, 112, u1)sI I'lui- 
I' S Nav Inst IH.S.’i, 11, lOtl, Clieiii News. 1.S.S.7, 52, l.S.'i, DiiikI I’oly 
IHSt, 251, 271, Jalir Client l.SSt. 37, 17.70, C'liein. liul l.sx-1, 7, 122, Clteiti 
7Aii IHHi. 8, 21S, Chem Tech Re|i l,SKt. 23, I, 200, J C S IWCI, 46, IMS, 

J .S C. I IKSO. 3, 220, Inilustnelil IKSt, 21, 111.') Client ZtK I.SSIl. 10, 

.Vin. ahst Client 'recli Rcii ISSli, 25, I. 1.7S Dinul I’nlv ISSO, 261, 2.7, 

altst Jahr Client I.HS(i, 39, 2077, J S C I ISSO. 5, .702, Wax Jalir ISSO, 
32, 224, Chcin Tech Rep ISSO, 25, II, 200 I’roe C S Nav Inst l,SS0. 
12, .702, ISStl, 15, 272, .712; Dinxl I’nlv l.SSS. 269, '240, Pop Set Mnii ISSS, 
32,122 ,Si'C also 1)111x1 Poly 1SSO, 238, 22,S 

2 1) R P 22S0S. abst Wax Jalir lS.S.'i, 29, 2,S!I, DinxI Poly. 1SK.7, 

256, 40S,Chein Iinl l.S,S2, 6 , 2.70, 248; Her 1.SH2,16, 2.712, Cheni Tech Rei> 
1,8,82, 22, n. ISS. I). R P. 20014, alist Wax Jalir IWl, 30, 277; Cheni 
linl 18S4. 7, .21, lOo; Chem. Tech Reii 1.SS4. 23, I, 201, Hull S<ki Cliini. 
1SS4, 42, 3f)S; Poly. Noti/lil. 1SS4, 39, 1.87 See alsoDiiixl Poly. 1S82,250, 
4.70,1884,251,371 

4 I). R. P. 28206, 1882, ahst Dingl Poly 1.8.81, 254, 231, Wax Jahr. 

1.8.84, 30, 1201. 

.7 D. R. P. 24902, 1883; ahst. Dingl. Poly. 1881, 252, 1.72, 'IVh 
Chem. Jahr. 1883 -1884, 6 , 166 

0 Pop. Sci. Mon. 1883, 22, 49,7. 

7. Rep. n. M. Insp. Itxp Mar. 10, 1883, Rep No 40 

8. Wax. Jahr. 1883, 29, 391. 

9. It. P, 144.7, 1882, ahst. Client. Ind 18S.'i, 6, 6, Wag Jahr 1482, 28, 
1008; J SCI. 1882, 1, 103; Chem. Tech Rep 1883.22,1,1,7.7, 

10. Monit Phot 18K3, 22, 1,72. Phot News, 1883, 27, 4.73 

11 Ber. 1884, 17, 261; abst. J. A. C. S. I.s84, 6, 309, J. C g. 1884. 23, 

1011; J S. C I. 188.7, 4, .299; Jahr. Chem. 1884. 37, 060. 

12. IToc. Roy. Artil Inst 1883, 12, 332, Proc C S Nav. Inst. 1884, 
10, 221. See also Rev. d'Artil. 1885, 26, 599 

13. Rev. d’Artil. 1884. 25, 189; Armce Hiatt, No 37. See also Atner 

J vSei 1888,36,48. * 

14. Eng. 
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engaged the attention of C. Munroe,' apd patents .were issued to . 
Pile,® and J. Schulhof’ for guncotton’explosives. ,T. Nordenfelt 
and V. Meurling'' disclosed their method for hyflrocellulose nitra¬ 
tion, and G. Mowbray^ evolved a plastic of pyroxylin and nt’.ca. 

P. Gilles described the nitration of molasses in ISS."),® in which 
year Mankowsky' pointed out quantitatively the influence of 
traces of sulfuric acid in combination, as affecting the stability 
of nitrocotton. W. Mixter* demonstrated that pure guncotton 
shows the same reducing property to Fehling’s solution as the 
lower cellulose nitrates, but approximately half as much copper 
oxide is formed as with pyroxylin. R. Penniman and J. Schrader ’ 
patented a “gelatinatcd" nitroglycerol and ammonium nitrate 
powder; and G. Balagny,'" and also A. Bechamp'* engaged them¬ 
selves with new methods of cellulose nitrate manufacture. 

The next year contributions were, speaking generally, of 
minor importance. They included the patented processes of M. 
hindsley'- and also M. Bielefeld”'for nitrocellulose explosive com- 

1. .I’roc. U. S. Nav. Inst. 1K84, 10, 220 J A. C S 18.S4, 6, hi, ahst 
Dingl. Poly. 1884, 252, l.W; Wag. Jalir. LS,S4, 30, ,372, Clu-in liifl 18.84, 7, 

lO.'i; Cheni. New,?. 1884, 49, 2r,9; Chem. Tech. Kcii. 1.884, 23, 1, 201, J. C. S. 
18,84, 46, 047; Jahr. Chem. 18.84, 37, 1748. 

2. Phot. Corre.s. 1884. 21, 222. 

3 tl. ,S. P. 304361.••1.8.84; abst. J A. C. S. 1.881, 6 , 314 J. .Schiilhof, 
E. P. 4017, 1882; abst. Wag. Jahr. 1.8,84, 30, 377; Chem. Iml. 1881, 6, 37.''), 
Ber. 1883, 16, 2041; Jahr. Chem. 18.81, 36, WO,'!, Pharrn. Kumlschaii, 1883, 
759; Chem. Tech. Rep. 1883, 22, I, 201, II, 100; Poly Noti/.bl 1.884, 39, 70. 

4. D. K. P. 30076, 1.884, abst. Dingl Poly. 1.885, 255, 337, 340, Proc. 
U vS. Nav. Inst. 1,880, 12, 105. Wag. Jahr. 1.885, 31, 270; J. ,S. C. I. 1,885, 
4, 300; Jahr. Chem. 1.885, 38, 2102; Ber. 18.85, 18, 130-K, Chem Ind 1.885, 
8 , 66, 144. 

5. U. S. P. 204661, 1,884;'.3400,50, .35040.8, 18.80 , 44310,5, 1800; al)st. 

J. A. C. .8 1884, 6, 145, 18.80, 8, 23.8, 230, 1800, 12, ,507. 

6 D. R P 27000; E. P 1.883, 18.83, abst. Ber. L884, 17, 4.55-R, Dingl. 
Poly. 18.85, 255, 337; abst J. C. S. 18.85, 48, 852; Proc. II ,S. Nav. Inst. 
1880, 12, 105, Jahr. Chem. 1S85. 38, 2102, J .S. C I. 18.84, 3, .35; 1885, 4, 
306; Chem. Incl. 1884, 7, 355, Wag. Jahr. 1884, 30, 370, Tech. Chem. Jahr. 
18a3-18.S4, 6, 173; 1888, 11, 185. 

7. Bull. Soc. Chim. 18,8.5, (2), 43, 124; abst. Jahr, Chem. 1885, 38, 2197. 

tl, Amcr. Chem. J. 1891, 13, 507; abst. Jahr, Chem. 1891, 44, 808, 
1.323. See also Ann. Chim. Phys, 18-i3, (3), 8, 233. Jahr. Chem. 1885, 38, 
1173. 

9. ,TJ, S. P. 33315b 1885; abst. J. A. C. S. 1886, 8 , 29. 

10. Belg. P. 68346, 1885. 

11. Bull. Soc. Franc. Phot. 1885, 1, II, 228; see also A. Bcchamp, 

Compt. rend. 188,5, 100, 117, 270; Jahr, Chem 1885, 38, 340; J. C. S. 1885, 
48, 237; Ber. 1885, 18, 113, 141; Bull. Soc. Chim. 1,885, 43, 661; Chem, News, 
18(44, 50, 300; 1,885, 51, 142. * 

12. U. S. P. a3.3872, 1886; abst. J. A. C. S. 1886, 8 , .30; Chem. Ztg. 
Rep, 18,86, 10, 121; Chem. Tech, Rep. 1886, 25, I, 254. 

13. tl. S. P. 340270, 1886; abst. J. A. C. S. 1880, 8 , 112. 
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pounds, the.plastic combinations of J. Jan'is' and the dynamite 
mixture of Eisslcr.’ P. Dudley’ rejxirted on new methods of 
molding gunedtton, K. Rohrer’ on uilroo)tton especially suit¬ 
able as filling for shells, while T. Jewett,'' M. v. Wendjand,* l,auk- 
mamer,’ and C. Hilt," disclosed minor points. * 

In 1SS7 j. Draydon'' gave an exhaustive r^sum^ of the em¬ 
ployment in (icrniany of guiu-otton for charging projectiles, which 
was amplified by 1). Johnson,"* and M. Dumas-Guilin.'’ It was 
in this year that F. Crane’’ brought forth his incKlem pyroxylin- 
resin lacc|ucr process, and the propulsive ]>owders of Iv. vSchultze,” 

11. SchiHSieweg,” and F. Du Pont were granted patent protection.” 
(1. Darwin'" read a paper on the use of guncotton to prcHluce 
artificial eartluiuakes (in the past tlu'v had been priwlnced unin¬ 
tentionally), C. Stocker" brought forward his “unburnable col- 
lixlion," and Hlacher,'" and also Chevreau," added their grain to 
the sum total of our knowledge in this field. 

C. Mnnroc'” contributed observations on the theory of action 
1 U. S 1'. UtL’L’UK, IJWO, alist. J .t. C S. I.SSli. 8 , I.V.), 

1>* P S. I* :U7421, IK.S(i,alist J A C S l.S,Si). 8 , i'tli. Chem. Tech. 
Pep. 2S, n, 2II,S, Wax Jahr IKXCi, 32, .'tl't, J A. C. S ISXO, 8, 2.T(). 

• Pop Sti Mon l«.S(i, 29, -l.'i:!, OO.S. 

-1. Proe L'.S N’av Inst l,SS(i.l2,o(i:), lSS(),lS,4KI,Sci Aiiier. 1S81), 110. 
■S Po]) Sri. Montlilv, ISSO, 28, 1.48, Pop Miscellanv. 

(i I). R. P. 3(>7IK, ISKO. ab,-,t. Her. l8S(i, 19, 721; Diuk'I Poly. 18.87, 
263, 148. Wag Jahr IKKIi, 32, 322; C'hcni Iml 1880, 9, 200, 301. Imiustriebl. 
1,887, 31; Chem. Tech Rep. 1880, 25, II, 2117, Her. 1880, 19, 721-R. 

7. Waflanschni. 1888, 21, 100. 

8. Rcc. I'niv. ties Mines, 188.7, abst Rev .Sei. 1880, 37, 3.S0; Clieni. 
Centr. 18X0, 57, 021; Jahr. Cheni. 1880, 39, 2070; Rec. Ihiiv. de.s Mines, 
1880, 19, No. 2, abst Chem. News, 1880, 54, 24. 

0. Rev. D’Artil 1887. 30, .730, Proc. I', S Naval Inst 1887, 13, 413. 

10. Aust.-Hung P. 2.387, 1X.S7; abst Dingl Poly 1888, 267, 370; Prw. 
U. S, Nav. Inst. 1890, 16, 40 Maissm (K. P. 190073, 1888) patented the 
employment ol nitrocotton in grams to lorm a fuse capable of transmitting 
fire or detonation to a great distance at the rate of several mih-s per second. 

11. Proc. U. S. Nav Inst. 1888, U, 773 

12. K. P. 82.73, 15771, 1887, abst Pro<-, t' S. Nav. Inst. 1889, 15, 213, 
498; J. S. C. I. 1888, 7, 3fi:i, 443, 882, 18X9, 8, 204, 

13. A and N. J. 1887, 28, 073; Proc I! S Nav, Inst 1887, U,«593. 

14. Gen. Inform. Ser. 181^, 7, 37.7; Proe 1,'. S Nav. Inst 1888, 14, 759. 
H. Schoeneweg, U. 8. P. 371370, 18X7; abst J A. C ,S 1X87, 9, 180. 

1,7. U. S. P. 3,72611, 1880; .36.3887, 188,';•.790931, 1897;. Re. 11651, 
1898; abst. Proc. U. .S. Nav. Inst 1887, 13, .7,82, .784, .780; Uingl. Poly, 1887, 
263, 149; J. A. C. .S. 1886, 8, 242; Tech. Chem Jahr 1887- 1888, 10, 194. 

16. Fortnightly Review, Pop. Sci Mon 1887, 31, 3,79. 

17. K. P. 16.330, 1887; abst.Proc. U S. Nav. Inst. 1890, 16, .74 

18. Pharm. Rund. 1887, 493; abst. Chem Tech Rep, 1887, 26, I. 270. 

19. Industriebl. 1887, 237; J. dc Pharm. 1887, (.7^, 15, .7.70, abst. Chem. 
Tech. Rep. 1887, 26, I, 192. 

20. Amcr. J. &i. 1884, 6 , 13, 586. Amcr. Assoc. Adv. Sci. Aug. 1887; 
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of cocoa powder; and the wave-like effects produced l)y detonating 
gnneotton.' ' ^ 

In ISS.') H. Maxim'"' was granted the first of aperies of patents 
for smokeless powder production; H. v. Vessel'' published analyees 
of gelatin dynaluite and Rhexite, N. Kalakoutski' described the 
existing (Icnnan smokeless powders; H. Piffard" a guncotton and 
magnesium photograjiliic flash light; and P. Chalon* on the action 
of nitrocotton on metal plates. The celhiloidine of li. Turpin’ 
was accorded patent protection, and II. Halford" and A. Orr“ 
made minor contributions. Combinations of picric acid with 
“tetranitrocellulose” was described by ncutschc Sprengstoff-A. G.'“ 
and the im])ortant patents of II. de Cliardonnet for nitrocellulose 
artificial silk formation" were issued, his previous patents being 
in many ways commercially impracticable. 'I'he C. Ilcngst “im- 

Sei. Anier. 1K,H7. 57, 21 ;:), Proc li ,S Nav Inst IKX7, 13, ri,S0, .TO 

1. Aima J St'i 1.S.SS;. 36, (.'i), 4.H, Proc P. .S. Nav lust I.SS8. 14, 
772 See also Pop Sei MoiUhly, 1<S.SS, 32, 2.S7 J. A C. S 1.S92, 15, I , 
J A. C. S l,Syii, 18, .SI9, ir S Nav Inst PIW), 35, 71.5 .Hth Inter Cong 
Chein. AppI l<)12, C. A. 1912, 6 , .■1.525. 

2 P S. P 111127, ahst Proe P S Nav Inst 1890, 16, 47; Teeli. 
Chem Jahr 18.89, 12, Kill P S P 4:10212, ahst J A C S 1890,12,240 
Tech Chem. Jain. l.SOO -91,13, 104 P. ,S P 4:14049, ahst J A C S. 1890, 
12, .'1,59. P .S. P 4:10898, ahst J. A. C .S 1890,12,:i05 P. S P 45)42,81, ahst. 
J A, C. ,S. 1891,13, 188. H 8 P. 544924, ahst Chem Ztg 180.5,19, 103.S. 
I). R. P 491,54, ahst Zts. ang. Chem 1.890, 3, .50, Jahr Chem 1890, 43, 
2708, Chem, Tech Rep 1889, 2», II, I7:i, Wag Jahr 18.89, 35,475, Her. 
1890, 23, 42-R; Imlnstriehl 1.890, 87. Tech Chem Jahr. 1889, 12, 100 

:l. Mitt Art (lenie Wessen, 1,887, ,505, I'mgl Poly. 1.8,88, 267, 47.'i, 
268, ,523. 

4. Rev d’Artil 1,8.8.8, 33, 171, 170, 18.89. 34, 70, 570; Revista Artig- 
liera, 1889, No 2, 7, 8; A anil J. No 1209; Oesterr. Png. Wehr. Ztg. No 

5 Proe P. ,8 Nav. Inst. 1,8,88. 14, 443, Newport News, Oet. 31, 1887. 
(i. l.e C.eine Civil, Proe. P S Naval Inst 188,8, 14, 773. 

7. K. P. 4310, 1.888, K P 4.89398, 1,888, ahst. Prpe II. K. Nav. Inst. 

I. 889, 15, 312; J. S. C I. 1889, 8, 01; Mon ,Sei. 1,8,88, 32, 1262 

8 A. ami N. J. 188.8, 25, 001, Proe P ,S Naval Inst 1888, 14, 439, 

9. E P. 487, 188.8; ah.st. Proe. U. S Nav Inst. 18,89, 15, 213; J. S. 
C. I. 1889, 8 , 20-1. 

10. I). R P 421.52, 1,8.87; ahst Dnigl Poly 1,888, 268, 510; Chem. 
Tech. Rep. 1.888, 27, I, 105, Chem. Inii. 1888, 11, 441; Wa«, Jahr. 1888, 34, 
491; Ber. 1888, 21, 334-R, Mon. Sei. 1888, 32, 1332, Tech. Chem. Jahr. 
1887-1888, 10, 191; Zts. ang Chem. 188.8, 1, 1,50 

11. P, S. P. 4,55245,.1' P .5270, 1888; ahst. J. A. C S 1891, 13, 189; 

J. S. C. I 1.889, 8, 474; J ,Soc Dyers Col. 1889, 5, 151 1) R. P. 04031; ahst. 

Zts. ang. Chem. 1892, 5, 499; Chem. Centr. 1892, 63, II, 1088, Chem, Ztg. 
1892, 16, 1432; 1893, 17, 1004; Chem. Tech Rep 1892, 31, II, 164; Chem. 
Ind. 1892, 15, 485, Wag. Jahr. 1892, 38, 370, Ber. 1892, 25, 892-R; Mon. Sei. 
1892, 40, 166; Industriebl. 1892, 358, Meylr Jahr. Chem. 1892. 2, 362; Tech. 
Chem. Jahr. 1892-1893, 15, 109, Proc U. S Nav. Inst. 1888, 14, 443; Sci. 
Amer Suppl. 1888, 25, 10, 230. See also Compt rend. 1907, 145, 115; ahst. 
J, S. C. 1. 1907, 26, 892. 
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proved safety smokeless jjimpowder” was patented in ISSS.' 

The year fNSil did not witness dny espeeially noteworthy 
e(/iitributions to this subject. I'lie (le\ elopuient of blasting Rel- 
atin and “bellite" was detailed bv J. Kerr," J. SkoRlnnd’ diselosed 
the formula for the nitrocellulose powder ");rakrultC. Lamm,* 
(L Mach'' and F. Ciaens'' contributed. I'lie colloidal cellulose of 
C. ('luinnel' was developed in this \ear. 

The e.vplosive of C. 1,1111(11101111" and with J. Sayers;® of D. 
.MendelelT'" of p\ roNvlin, nilroi;lycerol and methyl or i thyl nitrates; 
and of \V. Schuckher," |. Loiinnduc,’- and the nelatinoiis smoke¬ 
less powder of !■'. .\bel,' ' to which tauiiiu was added to impart a 
propulsive character, were disclosed in IMIO. The ))rocess of J. 
I'raiice'* for the nitration of powdered ciitton issued ill this year. 

1 I'liis w.is of iniraird o.it straw F I' l.'lUori, 1S,X.S. atrst. 

I'roe f S \,o Itisl l,S,S'l, 15, 111,', I S f I IS,S'.), 8, I7.S, I.StlO. S, ttia. 
Zts .IIIK Clieiii l.S'lO. J, 217, Wav I.illi I.S'.IO. 36, .M(!, Clicin /In IMIO. 
14, ItW, Clierii Tech Kep I.SOO. 29, 1, 222. Teclr yiieiii J.dir I.H.S'.», 12, lO.a, 
lahr Cbem I.S'.iO, 43, 2710 1) K P ts20.'>. .ilrst /.Is ani; Cheiii 1KH9, 

2, 1200, Jalir Cheiii l.s.S!r, 42, P.so;!. flieiri Tedi Rep IRSO. 28, I, IMi. 
Chem hid I.S.S0, 12, 110, W.iK lalit Is.S'.i, 35, 17.!, Her IWII, 22, .02.) U 

2 Pure f S \.o Inst i.s.so. 15, 207, J S C I IS,S'.I. 8, 2i:f C.las- 

KOW Ileralrl, M.iteh 0. I.SsSO 

.'i p; P Ik:!02, I.Sx,s, alls! Pioe I ,s \.,v Inst ls.s',r. 15, tOX, I .S 
f I IS.S0, 8, t7.S, Chern hid IS.S0, 12, 110, Cllerii Ticll Rep IKMI. 28, I, 

I.S-I h' P 10lOO.'i, alls! .Moll .Sei I.H.S0, 34, 7.00 Set also Sei .Ailler IXKO. 

.'il2 

t Rev (P.Artd I.VIO, 36, I7.'i, 1.S.S, Pi7. 277 
Rev d'.Ailil IS.S 0 , 35, 207. a.H'i, :) 0 .i, los 
0 I) R P -IXtidd. abst Clieiii hid ISSO, 12, dOO, Cliein Tetdi Rep 

I. S,S0, 28, n, 171. Her I.SS0, 22, .'•|2.'. R. Tech Cheni J.ihr ISXll, 12, 10:i, 
Zts alls C'heiii IHXO, 2, .T'lt, Was Jaiir. I.S.S0, 35, 17t. Jain Clieiii IWltl, 
42, •20,S2 

7. Coiiipt rend l.HKO, 108, IZ.'i.S, .Aitier J Sci IHHO, (d).38, -tOK, Pnx'. 
t:. S Naval lust. ISOO, 16, .‘si, Cliom Tech Rep 18X0, 28, I, 1 l.'i, Chem. Zts 
kop. 18X1), 13, 104. 

X K P IlXilZ, 18X0, abst Diiisl Poly. 1.800,278, 10, J S C I 1800, 
9, 701, Tech Chem. Jahr bstio, 13, 100 

0 f S P. d.'hSXlO, 1X00; ]•; P 0:!00. I.H.H0. abst J A C fv 1890, 

12,418; DiiisI Poly 1800. 278, 10, J S C t IHOO, 9, 411, Tech Chcifl Jalir. 

1X00-1,SOI, 13, l.Ti 

10 f ,S P 440021, bSOO, abst J A C S IJiOO, 12, 478 

11. 1) R P ’ilP.V), abst hidbl I.SOO, 20:!. Jahr Chem IXtIt), 43, 2710, 

Chem Zts 1890, 14, 7.')0, Chem. Tech Re|i 1X00, 29, I, 228, Chem, bid. 
1801, 14, 3(1, Wag. Jahr 1800, 36, .M.'i, Her 1800, 23, .'■>28-R, Tech. Chem. 
Jahr. 1890-1801, 13, l.i7. 

12 Rev.d’Artil 1800,37,2*) 

1,3. U S. P. 42.5018, 1800, abst. J A. C S 1800,12,12.) F. Abel and 

J. Dewar, K. P. 11604, 1880, abst Dmgl. Poly. 1X017, 278, 10; J. S. C. I. 
1890, 9, 76.5; Tech. Chem Jahr 1800-1801, 13, 163 

14. V. S P. 42014.5, 420146; 1X00; abst J. A, C S. 1800, 12, 22. 
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A. Hertzog,' Britton,^ R. v. Bieberstcin.J U. Allason,’* J. Ducros,* 
and V. Goltz,* and the works on nitrocellulose by tWi^be’ and W. 
de IJeusch*— the former containing an extensive bibliography- 
appeared also during this year. 

Cellulose Nitrate Research, Period “1891 -1900. During this 
decade, in taking a survey of the ephemeral and permanent con¬ 
tributions made, ideas advanced and patents perfected, there is 
no one epoch-making discovery that stands out above the others, 
to which a distinct impetus has been given to the art. Rather, 
advancement during this pericxl has been by gradual increment 
and cumulative effect. 

In l.SOl appeared the disclosures of R. .Schtipphaus,’ W. 
Walkc,'" Weiss," Thiel,'^S. v. Romocki,*’G. Saunders," I. Lif- 
scliiit/,,"^ Morton-Liebscluitz'® and J. Lifschlitz," none of which 

1. Cciitt. Text. Iiid. IKOO. 97.';; abst. Chem Tech. Rep 1890, 29, 
II, 14.1. 

2. Deutsche Herr Zeit Aug 27, 1890; J. Roy. U. ,S Instit. 1891, 

34,10,31. . 

3. Rev. d'Artil. 1890, 36, 28.3; Colltuni’s U. S. Mag. I•'eh 1,890.' 

4. Rome. Voghera Carlo Review 1889; abst. Rev. (I'Artil. 1890, 37, 90. 

.5. Rev. d'Artil. 1890, 37, 134. 

(i. Rev. d’Artil 1890, 36, 38,'>. 

7. Rev. d'Artil. 1890, 36, .TSH 

8. Rev. d’Artil 1890, 36, 479. 

9. Investigations commenced in 1891, culminalcd in 189,';, J. S. C. I, 
189,'), 14, 

10. J. A C. S. 1,890, 12, 2,16; abst. Jahr. Ckem. 1891, 44, 2608, Mon, 
Sci 1891,37,395. 

11. Rharm Ztg, 1891, 113; abst. Wag. Jahr 1891, 37, 749. Sec also 
Papierztg. 36, 113; abst. Chem. Centr. 1891, 62, I, 681. 

12. Mitt. d. Ver. f. Gewerb. Si'tznngsb. 1,891, 193; Wag Jahr, 1891, 37, 

436; Chem. Tech. Rep. 1,891, 30, II, 254; Pap, Ztg, 1891, 2116; Indl. 1892, 
14; Berg. Htitten. Ztg 1892, 23. . 

13. D. R. P. .14818; ab.st Zts ang. Chem. 1891, 4, 33; Jahr. Chem. 
1891, 44, 2667; Chem. Ztg. 1,891, IS, 80, 10,18; 1,892, 16, 1277; Chem. Tech. 
Rep. 1891, 30, I, 218; Chem. Ind. 1891, 14. 98, Wag. Jahr. 1890, 36, 543; 
Ber. 1891, 24, 429-R; Mon. Sci 1891, 37, 91; Tech. Chem. Jahr. 1890-1891, 
13, 1,16. 

14. cj. Roy. U. S. Inst. 1891, 34, 867. 

15. I. Lifschutz and Chem Fabr. Grunau, D, R. P. 602,33, 69807; abst. 
Chem. Tech. Rep. 1893, 32, II, 272; Zts. ang. Chem. 1892, 5, 154; 1893, 6, 
465; Chem.,Centr. 1893, 64, II, 1015; Jahr. Chem. 1892, 45, 2899; Chem. 
Ztg. 1893, 17, 1213; 1894, 18, 1089; Wag. Jahr. 1892, 38, 1020; 1893, 39, 
427; Ber. 1892, 25, 298; 1893, 26, 921; Mon. Sci. 1892, 40, 176; 1893, 42, 
200, 304; 1894, 44, .16. 

16. Mon. Sci. 1891, (3), 33, 119; ab,st. Chem. Centr. 1891, 62, I, 517; 
Jahr. Chem. 1891, 44, 2,164; Chem. Ztg. Rep. 1891, 15, 51; Chem. Tech. 
Rep. 1891, 30, 1, 218; Zts. anal. Chem. 1891, 30, 637; Pharm. Centralh. 1891, 
33, 210; Tech. Chem. Jahr. 1890 1891, 13, 170. 

17. Ber. 1891, 24, 1186; Jahr. Chem. 1891, 44, 2811; J. C. S. 1891, 60, 
814; (Jhem. Centr. 1891, 62, 1, 1055. 
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was of extraordinary importance. The next ycarO. Muhllmuser,* 
H. Schjeming’*and O. Witt’ investigated the "cumulative deto¬ 
nation” of mix tures of wet and dry gitncotton. Kniger,* C. Munroc* 
and C. Weber,* also contributed. • 

The biennial period bSlH ISO.') disclosed the H. Cramer 
pnx-ess for nitrated cellulose filter cloth manufacture,’ the py¬ 
roxylin artificial leather investigations of W. Field,* and the work 
of R. Bader,’ and of H. Warren.'" The next year T. Bokorney," 
Cout-agne,” Oridith'* and T. Tyrer,'* contributed. 

The following two years include the publications of the ex¬ 
tensive series of researches of Will and I,cnz on the nitration of a 

1 Dinul Poly ISilO, 284, 1:17. Wax .I-ihr 1«'2. 38, .'171; J. C. S. 
IHOa, 64, i, (1; Jalir. C'hcm 1H'.)2. 45, 2722. Clirni Centr 181)2. 63, I. 0K2. 
.See .also DiiiRl Poly. 1801, 173, i:i7. Amer. J Phorin. IS<.I2. Ml; Cheiii. 
ZtK 181)2, 16, Kx); DioKl Poly 18112.283,8.8. i:i7, Zts niiR Cheiii. 181)2, 
5, 11)8, Proc. Amer. Phann. Assik. 181)2,40, lOIM; Chem Tech Rep. 181)2, 
31, I, 22.3. 

2. Z(s. anal Clicm 1802. 31, 28.'); alist J. S C. I 1.81)3, 12, fi2; I. C. 

S. 181)3. 62, 1,520, Zts anx Chem 18112. 5, tlo, Chem Ceiilr. 181)2. 61, II, 

■12."); Jahr. Chem 1802, 45, 2.531; Chem ZtR Rep. 1.802, 16, 2.13; W.ix- Jahr. 
1802. 38, .380; Her. 1802, 25, 873-R, I'eeh. Chem Jahr 1802 1803, 15, 180; 
.Meyer Jahr Chem. 1802,2, 30.5; Proc Amer, Pharm Assoc. 1803,41,441. 

3. Prom, 1802, 3, 230 
4 Prom. 1803 4, .513 

.5. J. A C. ,8. 1893, IS, 1. Sec also l^op .Sei. Monthly, 1,888, 32, 287. 
J. A C. S. 1,800, 18, 819. C. Hmiot (I? P .541.5, hSOC) pateiiteil pyrotechnic 
sertrentines formed of guncotton and coiled into ribbons 

0 I S. C. I 1803, l2, 117; abst Zts ang Chem 1.803, 6, 405; Chem. 

Centr 1803. 64, 1, 7.58; Jahr. Chem 1.803, 46, 888; Chem Ztx. 1803, 17, 

210, 1004; Chem. Ztg. Rep. 1893. 17, 80, Chem Tech Re|) 1803, 32, 1, 2,38; 
Wag. Jahr. 1893, 19, 428; Her. 180.3, 26, 327 R, Meyer Jahr. Chem. 1803, 
3, 307; Industricbl. 1893, 158; Tech Chem Jahr 1802 1893, 15, 171. 

7. Zts. ang. Chem. 1894, 7, 260, J S C I. 1804, 13, ,8'13; Proc Amer. 
Pharm. Assoc. 180.5, 43, 403; Jahr. Chem 1894, 47, 350. 

8. J. A. C. S. 189.3, 15, 140; 1894, 16, 487, .54,3, abst J. S C, I. 1803, 
12, 708; 189.5, U, 179, 298; Tech Chem Jahr. 1803 1804, 18, 100; Chem. 
Centr. 1893, 64, II, .502; 1894, 65, II, ,541; Bull. Soc. Chim 1894, 12, 1.3.50; 
Jahr. Chem. 1894, 47, 11,34. 

9. Chem. Ztg. 1895, 19, 55, 78; J. C. S 1896, 70, i, 335; Per. 1895, 
28, 427 R; Chem. Centr. 1895, 66, I, 373; Jahr. Chem 180.5, 48, 1297. U. 
Marga (E, P. 21470, 189,5) devized a bullet for practice pur|)OSCS made of 
cellulose and nitrocellulose made into a plastic rnass with alcohol and ether. 

10. Chem. News, 1895, 71, IBS; abst Jahr. Chem. 181>ri, 48, 1300; 
Chem. Centr. 1805, 66, 1, 1036; Bull. Hoc. Chim. 1895, 14, 914 

11. Pilager's Archiv. 1896, 64, 262; J. C. S. 1890, 70, ii, 869; Chem. 

Ztg. 1896, 20, 985; Jahr. Chem. 1896, 49, 1031; Meyer Jahr. Chem. 1896, 
6,309. « 

12. F. P. 260678, 1896. 

13. Sci. Amer. Suppl. 1896, 42, 17460. * ^ 

14. Pharm. J. 1896, 109; abst. J. S. C. I. 1896, 15, 672; Bcr. 1896, 29, 
1149. 



I(i40 


f technology op cellulose esters 


wide range of carboliydrates,' the celluloid patents of Bethisy,’ 
the simultaneous comminution and nitration proce,ss of A. Lied- 
beck/ the comprehensive resume of nitrocellulose explosives by^ 
M. IVferle/ the in\'estigations on nitrocrythrite by A. Dupre,’’ 
and the electrical fuse of R, hinke,''' consij*ting of a thin platinum 
wire coated with long fiber nitrated cotton, covered with collodion. 

In ’ISt)!) 111(111 appeared the essay of Buinckc and R. 
Wolffenstein' on the action of nitrogen peroxide and nitric acid 
upon cellulose, the analytical scheme of smokeless powder analysis 
of W. Williams,* the investigations on nitrocellulose by A. buck 
and C Cross,’ and the comprehensive work on nitration of cotton 
by G. Lnnge and IJ. Weintranb.'" 

In the period from I'.Xll to the present lime, development 
has been so ramified along specialized lines, both in the peaceful 
and warlike arts, and the incrcnu'nt of knowledge has been so 
varied, that it, perhaps, may more profitably be touched upon 
in connection with the elaboration of the individual topics else¬ 
where herein. 

Chemistry of the Cellulose Nitrates. In the iireceding his¬ 
torical development of this subject incidental references have 
been made to the endeavors of the early investigators to elucidate 

1 Her 31, (!8, .SI, ,S7, Xi), J C ,S l.Sil.S, 74, i, 227, T S. C I 
I.SiW. 17, 271, Hull Soe Chiiii LSII.S, 20, Clicni Cnitr LSD.S, 69, I, 441; 
Juhr. Clu-rii. i.Sll.S, 51, l.■U)7: Wag. Jalir LSll.S. 44, 7(i7 

2 Bull .Six' I'rauc I’hot I89.S, 11. 14, .'>ii;i 

.3 D. K, I>. DlilOdialM Jahr. Clieni 1,8'W, 51, I;1,S2, Wag Jahr. 1898, 
44, 872, Clu'iii Centr 1.898. 69, I, 1222, Mou .Sci 1898, 52, i78, Zts. ang. 

Chem 1X98.11, 107. E H I4U9I). 1897, aljst J S. C I 1897,16,7(10 Sec 

alsoP Liefllieck, i; P. 27897, 1898, abst J S C I 1.899, 18, 401 

4 Mon Sci 1,897, 49, 18. abst' J S C 1 1.897, 16, !);U, Jahr. Clicm. 

1897, 50, 10()2. 

Ann Hep 11 M Insp Expl 1,897, 27, J H C 1 1899,18,415. 

(i I) H, P 92818; abst Wag Jalir 1,897, 43, 4.84; Chem Centr. 1897, 
68 , 11, 928; Clleni Ztg 1897,21,(1.74 

7 Her 1.899, 32, 2198. abst J C. .S 1.899, 76, i. .852. J.S. C. I, 1899, 
18, 940; Hnll, .Srx' Chini 1900, 24, 020; Chem Centr. 1899, #0, 7.52; Jahr. 
Chem 1.899, 52, 1290, Mever Jahr Chem 1890,9,800 

8 J. Prank Inst. 1,890. 147, 197; Wag Jahr. 1,899 , 45, I, 42.5; J. S. 
C. I. 1899, iS, .520, Jahr Chem 1.899, 52, 2,88 

9. I. H C I. 1900. 19, 012. abst J.ihr Chem. 1900, 53, ,848; J, C. S. 

1900, 78, i, .541, Chern Centr 1900, 71, II, 098, Zts, ang Chem, 1901, 14, 
117, 025; D. R. P. 117849, airst. Wag Jahr (901, 47, I, 492; Chem Centr. 

1901, 72, I, 28.8; Chem. Ztg. 1901, 25, 98, Ets ang Chem. 1901, 14, 117; 
News. Jahr Chem. 1901. 54, 895; Mon Sci 1901. 57, 148, 

10 Zts ang Chem 1,899, 12, 441, Chem. Centr 1899, 70, I, 1177, 
1272; J. S C I 1899, 18, ,5,82, Jahr. Chem. 1899, 52, 1802. Sec Chem. 
News, 1004, 90, 14,8. 
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some of the;chcmieal problems in eomieetion with the nitration 
of cellulose, especially the constitution of the cellulose nitrates, 
ami out of till' nia/.e of conlradictdrv ami anomalous results 
attempt to arrive at )j;encrali/ations Tonmlcd on evact (piaiitilative 
detenninations. • 

The earlier chemists v.ho ixiicriincntcd with the nitrocel- 
hiloses adopted the forimda C,,lli„(>., as the simplest expression 
of the cellulose inolccnlc, and based on the increment of weiftht 
which cellnlose undcrj;oes n|>on nitration, assmneil that three 
nitrocclluloscs exist, i e.. IninlKHclIiiU'^r as the highest obtain¬ 
able ester and called by them t;uncotton, a second or intermediary, 
inodilication (//ndiccW/a/o.M’ soluble in ether-alcohol and the j.rod- 
nel used primarily in iihotoi;raphy and in lae.ineis as a collodion, 
and a still lower niodiheation iiviihiiiiliiicfllulnM’, about which 
thev all ayreed. but little dclinite was known. 

Aeeordiny to the "best eheimeal anaUsis" of the "most 
renowned saxants of the lime," the composition of trinitroeelhl- 
lose w^is (jiiite simple, beiny merely cellulose in which "three atoms 
of the hydroyen have been replaced by thiee atoms of hy])onitrie 
acid." While it was ayreed that assiimiii); the cotton is all con¬ 
verted into the Irinilroderixati\e, 1(1(1 parts should yield ISo parts 
of ymieotton, actual ex|)erimenta1ion bv these "most renowned, 
etc.," showed a marked lack of unanimity, the following beiiiy 
the results of direct investiyation. h'or every IlKl j.arts of cotton: 


I'flou/i* (ill U-ii fxpt rum Ills, IKl'.i) 

Si’hmidt and Hct ki r (iSISj 
Van KcrckholT ami Rciilc-r O.S-l'M 
W Crum (leHuO) 

KftltcnbaclKT, Schrottc-r and Srhiuidu i IK()}) 
V Li'iik (1S()2) 

Hlondfau ( 


1‘aits of 

(illllCOltOll 

found 1(>K to 170 
100 
170 2 
17S 
17H 
ir»:. 

“ lOo 25 


A. (xautiin look “pure*’ iiilrot'cllulost* and separaUM into 
etherzihne the |>ortioji soluble in ether-aleohol, and another frac¬ 
tion which was insoluble, both fractioiis*(natnrally} differing in 
nitrogen content from the original.* Iv- Iladow'** distinguished the 

1 Compt rend 1840.23,080. I HM), lOD!). ahst J prakt.Chem 1847. 
40, 418, Photo. Jahr 17, dO, H%1! de la Soc d’linc 1817, 05, Berz Jahr. 
1849. 28, 848. 849. Annuaire de Chimic. 1847, 3, 454 ^ 

2 Poly Centr. 18.5.8, 19, 1171. J C S 18.54. 7, 200, J. prakt Chem. 
18,55, 64, 169; Dingl. Poly 185.5, 136, 897, Clicin Centr. 185o, 26, 
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three following products, and detailed careful metl^ods for their 
preparation: ‘ 

1. Trinitrocellulose, C(n 7 (N 02 )a 0 j, or Ci8M2i(N02)s06, ob¬ 
tained by immersing cotton in a mixture of 2 molecules fumiiig 
nitric acid and 2 molecules 00° Bd. sulfuric acid, and 3 molecules 
water, the product being insoluble in ether-alcohol, but soluble 
in ethyl acetate. 

2. C] 8 n 22 (N 02 ) 80 i 6 , sometimes containing V 2 H 2 O, which was 
more soluble in ether-alcohol than the previously described prod¬ 
uct, and soluble in glacial acetic acid. 

3. Ci8n23{N02)70ii (xyloidine of Gladstone) formed at first 
with 1 mol. H 2 O, and soluble in ether-alcohol and in glacial 
acetic acid. 

C. Blondeau' considered dinitrocellulose as C8H8(N0206.Il20), 
which, upon treatment with water, took on an additional 4 mole¬ 
cules of water, and by prolonged action of fuming nitric acid 
arrived at Uie ultimate nitration, a cellulose trinitrate. Ran- 
some’s foiinula was inadmissable because it involved the elimina¬ 
tion of hydrogen; Pettenkofer’s formula was founded on incorrect 

202; Amcr. Drug. Circ. 8, 122; Proc. Amcr. Pliarm. Assoc. 1804, 12, 105; 
Jahr. Chem. 1854, 7, 025. ' The existence of three tlelinite compounds 
of nitric acid with cellulose was admitted by A. Ilechamp, who 
represented their composition as follows. CijHnfNOslaOio, CnHufNOjltOio, 
Ci 2 Hii(N 07 )iO,o; Compt. rend. 18.52, 35, 473; Dingl. Poly. 18.52, 
126, 144. Instit. 18.52, .•118; Chem. Centr. 18.12, 23, 82.3; Jahr. Chem. 

1852, 5, 6.58; J. prakt. Chem. 18.53, 58, 15; Ann. Chim. Phys. 18.53, 
(3), 37, 207. Chim Gaz. Nov. 15, 18,52; Amer. J. Pharm. 18.53,25, 150; 
J. Pharm. (3), 22, 440. Chem. Tech. Mitth. 1852-18,54, 164. Compt. rend. 
18,53, 37, 1.34; Instit. 185.3, 201; J. prakt. Chem. 18511, M, 187; Chem, Centr. 
1853, 24, 703; Poly. Centr. 18.53, 19, 687; Jahr. Chem. 1853, 6, 550; Amcr. J.Sci. 

1853, (2), 16, 406; Ann. Chim. Phys. 1856, 46, 338. Compt. rend. 1855, 41, 
817; Ann, Chim. Phys 18,50, 46, .338; J. prakt. Chem. 18,56, 68, 51; Jahr. 
Chem. 18.55, 8, 681. Compt. rend. 1856, 42, 121.3; Inst. 18.56, 235; Jahr. 
Chem. 18.56, 9, 674; Ann. 1850, 100,367; J. prakt. Chem. 18.56, 69, 449. 
Compt. rend. 1800, 51, 257; Zts Chem. Pharm. 3, 6.57, Ann. Chim. Phys. 
1862, (.3), 64,311,322; Chem. Centr. 1862, 33, 865; 1803, 34, 690; Wag. Jahr. 
1862, f, 280; Jahr. Chem. 1862, 15, 469; 1863,691; Rep. ChSn. Pure, 4, 3.58; 
Bull. Soc. Chim. 1863, 5, 289; Ann. Chim. Phys. 1855, 44, 311; 1856, 48, 458. 

1. Ann. 1803, 118, 462; Jahr. Chem. 1863, 16, 567. Compt. rend. 
1864, 58, 1011; J. prakt Chem. 1864, 93, 318; Jahr. Chem. 1864, 17, .569; 
Instit. 1864, 195; Chem. News, 1864, 9, 286; Chem. Centr. 186.5, 36, 44. 
Compt. rend. 1865, 59, 963; Chem. Centr. 186.5, 36, 476; Dingl. Poly. 1865, 
178, 166; Phot. Archiv. 1865 342. Compt. rend. 1865, 60, 128; Chem. 
Centr. 1865, 36, 476. Compt. rend. 1865f 61, 378; Dingl. Poly. 1^5, 178, 
147; Chem. Centr. 1865, 36, 1597; Chem. Tech. Rep. 186,5, 4, I, 116; Wag. 
Jahr. 186.5, 11, 412; Bull. vSoc. Chim. 1865, 13, 145; Deut. Int. Ztg. 1865, 
388; Mon. Sci. 1865, 7, 898; Inst. 1865, 299; J. prakt. Chem. 1865, 96, 64. 
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nitrogen detenninations; while R. Porrett’s views' w'ere cliarae- 
terizctl as “adventurous.” 

A. Martin- as tlie culmination <>( his investigations, came to 
the conclusion that four dilTerent'modifications of nitrocellulose 
exist, (iilTering only in their N< k anitcnt. VV. (* 01111 ,’ iiMlevelo|)- 
ing the iKiw well known nitrometer, prepared guncotton from 
Si'a Island cotton and ohtained a yield of 177.ll/(), with a 
nitrogen content of about (l.Oii' < less than the figure given on 
tmalysis. Ilis results were tmttsually accurate and concordant. 
J. ('.ladstone' found no decomposition in a puic guncotton from 
nitric acid, sp. gr. 1.,'), and concentrated sulfuric acid, which was 
insoluble in ether, while the nitrocellulose obtained by dissolving 
cotton in llX()-i and ])recipitating with water, delelojicd nitric 
acid n])on standing for some time. 'I'o the former he ascribed the 
formida C\. 4 lI|,,(X(»,)„!b,,, and the latter, C...,Hij(NOdj(\o, and 
considered ordinary guncotton to be a mixture of the two. 

Haver' studied the decomposition iiroducts of the action 
of pljosphorous petilachloriile in an emleavor to g;dn an insight 
into the stntcture of the nitric ester molecule. \V. Gintl" found 
that pyroxylin is completely decomposed in the cold, and made 
the statement (which we now beliexe to be true) that the com¬ 
pounds of nitric acid and cellulose are cslcrs. His results are of 
more than ordinary interest, and stand out as a distinct con¬ 
tribution on the coifititution of the cellulose nitrates. By de- 
(simposing various cellulose nitrates by means of e'lmceiitrateal 

1 I’lnl Muk I.SI7. (.1), 30, lO'l, Cluni Sue Mctil I.H1.S, 3, 2K7, J 
prakt Cheni t.S17, 41, L'lt.S, fhein Cnili i.SI,', 18, ii.S'l. Jalir Cheni, l.St7 
IKlH, 1 , ll.'tH 

2 Hull .Sue brail Phol ISOl, 7, 112. hep Chim .Applup I.Stil, 3, 
2.'i7. Jahr t'heiii ISfH,14, 712 

■i I'hil M.ig IS47, Ct). 30, i2i), 1 pnikt Cli' m ISI7. 41, 201; J 
I’luirm (.'i). 12, 20ii, .41111 l,H47. 62, 2.'i;i. Jalii Clum 1X17 ISIH, 1, liao; 
(lUisgow Phil. SiH- Prue lS-14 IXl.S, 2, Iii2 

4 C'hciii Soe. Mem I.S-l.'t 1X17. 3, 112, Pliariii j Tran 11, 401; 
13, 2l.-i; Jahr Cliein lS.'>;i, 6, 000, I.SO.'i, 1$, 741, Phil Mag IXiT, (0), 31, 
.slO, t'hcm News, 1.80.4, 8 , 141. 

.s Her. 1800. 2, .44, /.ts Chciii 1X00, 12. :i4.'), liiill .Sue Clum 1800, 
12, 202,Jahr Chem 1.800,22,742 • 

0 Wien .4kail. Her. S9,' 800, J praki Chem 1X00, 107, 478; Zts. 
Chem 1809, 12, 70.4, Jahr Chem 1X00, 22, 7.44, Paly. Centr 1870, 36, 109; 
Chem New.s, Amer Reprint, 1870. 6, ll'i. Hull Soe. Chim. 1870, 13, 44.'), 
Was. Jahr 1870, 16, 220; Z*.. alls. Hester Apnthekerverein 1809, 421, 
Chem. Tech Rep. 1809, 8, II, 98, Chem News, I.8lj9, 20, 424, Proc. Amer, 
Pharin. Assoc 1870, 18, 270, 1871, 19, 201, Pharm.V.ts f. Russ. 1870. Nov ; 
Chem. Centr. 1870, ir»y. 
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sulfuric acid, whereby nitric acid and a substituted sujfuric acid— 
a lipionc sulfuric acid- is formed, he "concluded Jhat nitro¬ 
cellulose "is to be consid^d as a neutral ester of nitric acid 
with tlie complex Ci 2 H 2 if)i 2 , the latter being an alcohol with three 
OH groups.” • 

G. Wolfram' in 1870 communicated the results of a compre¬ 
hensive scries of investigations made with a view of studying the 
nitro-compounds of various kinds of cellulose, such as cotton, 
hemp, straw, and also of gelatin, and embodied his conclu- 
•sions under the following 10 points: 

1. By the action of HNO.i and H 2 S ()4 upon cellulose nitro¬ 
compounds are fonned, which vary with the quantities of the 
acids, the kind of cellulose, the duration of reaction, and the 
temperature of the acid mixture. 

2. Four nitrocompounds are producible: peiita-nilrocelhi- 

lose, Ci 2 H 6 (N 0 . 2 ) 50 io; tetranitrocellulose, Ci 2 lIi!(N 02 ) 4 ( )iii; tri¬ 
nitrocellulose, Ci 2 H 2 (N 02 ),iOio; and dinitrocellulosc, Ci.lls- 
(N02)20io. ■ , 

8 . Three of these compounds may be obtained in the fdjrous 
and powdered state. 

4. The quantity of Ohyponitric” (nitric) acid in the nitro¬ 
compound increases with the quantity of the sulfuric acid, the 
concentration of the nitric acid, the duration of the reaction, and 
the height of the temperature of the acid mixture. 

.5. Increase of the temperature of the nitrating mixture not 
only increases the quantity of nitric acid in the product, but 
also facilitates the penetration of the cellulose, changes its stnic- 
ture, and gives to the pyroxylins and their solution.s other physical 
properties. 

(). The products of nitration of cellulose are mostly mixtures 
of nitrocellulose in various stages of nitration, which, with the 
exception of the penta-nitrocellulose, are difficult tO produce by 
themselves, and cannot be completely separated by solvents. 

7. Nitro-compounds of cellulose containing more than 41.89% 
NO 2 contain nitric acid in their pores, which cannot be removed 

1. Dingl. Poly. 1878, 230, 45, 148; abst. Wag. Jahr. 1878, 24, 449; 
Chetn. Ind. 1878, 1, 41)3; Zts. Chem. Grfcssgew. 1878, 3, 800; Jahr. rein 
Chem. 1878, 8, 478; J. C. S. 1879, 30, 218; Chem. Centr. 1878, 49, 792; Jahr. 
Chem. 1878, 31, 923; (?hem. Tech. Rep. 1878, 17, II, 88;-Proe. Amcr. Pharm. 
Assoc. 1879, 27, 437; Ber. 1878, 11, 2284. 
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by washinK*; those containing less than 22.22^( NOs are mixed 
with nnnitrated cellulose. . 

S. By a vers’ concentrated nitriif and sulfuric acid mixture 
the various kinds of cellulose arc converted ijito an identical 
compound; by weaker acid, on the r\)ntrary, are nitrated in var¬ 
iable proportions. 

!». 'I'he more readily the fiber is eoinerted into parchment 
In sulfuric acid the more dilTicult it is nitrated, and conversely, 

HI. Strongly parchmented pyroxylins may be distinguishecl, 
from tliose that are not or but little^parchmentized, by partial 
reduction with sulfuric acid solution of ferrous sulfate and colora¬ 
tion with iodine solution. 

11. The solubility of the nitroccllulo.ses differs according to 
the composition or structure. 

12. 'file iiroduction of a glassy layer upon the evaporation 
of a solution of ])vroxylin is not only dependent upon the sub- 
stamc itself, but also on the solvent. 

IS. By impregnating cotton with gelatin, or by the addition 
of gelatin to the mixture before nitrating, the conditions for the 
])roductiou of a partly pulvenilent pyroxylin may be produced. 

careful conteunilalion of the above thirteen generalizations 
in the light of our present tlay knowledge of the subject, must 
impress one with the J'act that in this investigation of Wolfram 
are to be discerned many of the embryonic facts upon which the 
later art has been established. It is now', of course, recognized 
that there are no definite or distinct stages in cellulose nitration, 
but that esterification ot both normal and mtKlificd cellulose 
apparently proceeds as a continuous process and goes on without 
a break from (i% up to about Ki..V'v', nitrogen, provided the con¬ 
ditions of esterification are suitable. All attempts tip to the 
present to induce discontinuity in the nitration of cellulose have 
been unsuccessful. 

I'rom analyses made by reduction,with ferrous salts, P. 
Champion and H. Pellet' concluded that Abel’s compressed gun¬ 
cotton (see p. l.'iOll) consists not of trinitrocelluose, but of penta- 

I. Compt. rend. 187(i, 83, 707; 1877, 84, 001); Bcr. 1877, 10, 78.0; 
Chem Ceiitr. 1870, 47, 781), 1877, 48, 828, 731); Wag. Jahr. 1870, 22, 470; 
1877, 23, 88.5; 1881, 27, .381); Chem Tech. Rep. 1870,^5, I, 888; Jahr. Chem. 
1877, 30, 1151), Jahr rcinc Chem. 1877, S, i7.5. Sr'c also Mon. Sci. 1870, 
18, 11(K), Ber. 1876, S, 1610, Chem. News, 1870, 34, 20.5; Zts. Chem. Grossgew. 
187^ 1, 233. 
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nitrocellulose; but F. Abel, on the other liand,’ showed that the 
analyses upon which their^conclusions were founded", were fal¬ 
lacious, inasmuch as no care had been taken to free the guncotton 
from “lower derivatives by extraction with ether-alcohol, Abel 
found commercial guncotton to consist »of about S.")% trinitro- 
ccllulose with 4','^, .V’,' unattacked cellulose, and lO'/* dinitro- 
ccllulose. 

The Cellulose Nitrates of Eder. lu a scries of researches 
published by J. Ivdci' in I.S72 to l.SSO, he carried our knowledge 
of the chemistry of nitrocellulose a distinct step further in that 
he described at least four degrees of nitration, and prepared 
products which at that time were considered well characterized. 
'I'his necessitated doubling the expressions for the \'arious cellu¬ 
lose nitrates, as Fdcr rtaiuired a cellulose molecule of the magni¬ 
tude CijHsdOio to represent the various products he had suc¬ 
ceeded in preparing. 

Up to this time a number of “uitrocclluloses” had been pro¬ 
posed and fonnulas di'duced, usually from the increase in weight 
upon nitration and without suflicieiit regard for the purification 
by fractioiKil prcci))itation from solvent combinations, or even 
a])proximatc separations based upon selective sohibility deter¬ 
minations. The chaotic state of this portion of the subject is 
evidenced from the followitig formulas for nitrocellulose which 
had been put forward by previous investigators as follows: 

Scliimix'in amt Bcttgcr. . . C«II|.jN,()i, 

IMOUZC . . .Cj,,1I„0„(N!<):,),, 

tx'hmklt amt Hcckcr. CiiltutLitNOitio 

Pciigot.. . ... C,.IL,0„(N0.t« 

V. KerkholT and Keiitcr (callcti TyltfwxyUn) Cj,lI.,h<)i9(N()s)|.i 
Porret and Ti'schcninachcr*.. . . . CijHi«0,o(NO.jL 

1. Conipt. rend t87f), 83, tOI 1. ttnlt Sne Ctnni 1877, 28, 28, Cheni 
News, 1877, 35, to, abst Her 187(), 9, idttn. Wag Jahr. 1877, 23, .'IH.'), Jahr 
Chtm. K7fi, 29, I 111; Mon ,Sei 1877, 19, 8,8, Rev Sci 187G<-1877, 18, .Wi, 

2. Wien .Acad Her I.S7!I, 129, Ki7. Wag Jahr. I87i), 25, HIKI, Chem. 
Ind. 1880, 7, 240, falir Cliem 1871), 32, 8,'W, J. prakt. Chem. 1870, 127, 
204; J. C. S .1.870, 36, till. Year Hook of Pharm 1,880, 80, I’hot. Corr 1870, 
16, 67: ,Sci Anier. Snppl. 18,80, 7, .8777 Her 1880, 13, 100; Dingl. Poly. 
1880, 237, 2:78; Ainer J 8ci 1880, (8), 19, 40.5; J A. C S. 1880, 2, 178; Zts. 
ang. Chem 1,881, 20, 185, Jahr Chem. 18,80, 33, 1005; Sci. Amcr. Suppl. 
1880, 8777; Chem, Ind. 1.880, 7, 246 Sitz. Her. Wien Ak 2 Abth. 79, ,5.87; 
Tech. HI. 12, 178, 216; Phot. Corr. 16, 67, 117; Phot Mitth. 16, 07; Phot, 
News, 25, 140; Hidl. See, Pranc Phot. 1881, 27, 110; Chem. Tech. Rep. 
1880. 19, 11. 888. 

3. A collo;iion pyroxylin soluble in ether-alcohol. 
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(”iIa(KtoiU‘, I’l'hiii/e ainl Muuro , (.'liampioii am! 

IMIrttU 

W Crum. Ca ili irtll. Soliiotii-r, SiIuu kUt, isrd 
. P-iiI>.jnii i, .\1 k-I* , 

Ha<lo\v 


Kaiisonu- 

ICcliamp 


W'alft.llil . 


C|3H|!,()|o(N( )j)s 
C,d!n(>.ofN05)« 

C,„H.m(^.(\(>.},* 

C,..n:a(>,,iN,().li 

Cl n.d)in(N';0.), 
Ci:Hw< )|o(NC).S" 

C,1{,d>,„(N’<K)," 

C I 'I {if(^ ^nii Nt )");*■* 
C,.!l,7<)n.(NOd,'” 
Crllwrin.lNO;)," 


Fii u])oii Ur- alxixr, I*M(t triih' ]>(»ints out that 

llu- R-Mill'' are eoutradictoi v, and llu* stateineiils of tlio oh- 
sei \ers so irrec'oneilaMe, a-> to make aecurate ^enerali/ations almost 
impossihle. He ol)tained the followiie^ five ])vroxvlins. 


(.Mliilose he\amtr,iU 

C. IluD.fNO ), - 

IMP 

; N. 

Ctllul«»se peiil.iiiitraU' 


I2 7.">' 

N. 

t'clliilo-f U'lr.tiiili.Ue 

UidltdkiNO.u - 

11 IP 

„ N. 

Cilhilosc tnmlt.ile 

t'.dh.Or'NO.),, 

:) 1.-' 

, N 

C'lthihise (hiiitiate 

t'l.dfis^ h(XD.)/ 

<) 7.V 

, N 


Whereas up to tliis time tlie Uu-ory advaiieeil was that by 
tlie art ion of nilrie aeid on cellulose, two or more hydrogen atoms 
in the cellulose are dis|)laeed by the N()- f^roup, and thus vitro 
v^naips lormed, to which the nanus mono-, di-, and tri-nitro- 
cellulose iiad been :^dAi-n, it was Ivler who first conclusively 
siiowed that true nitrix' esters result in which one or more hydroxyl 
^rou])s have been displaced by a correspondini; number of j;roups 
of the nitric acid radical, the terms as abo\e shown bein^ used 
to designate the \ arious nitric esters of cellulose. 

All of the al)ove compounds as jnepared by him were decom¬ 
posed by alkalis with the splittin^^ off (»f nitrates, he having 


1. A cellulose nitrate insoluble in ether alcdliol Similar tf) om- of 
the products of Wolfram ^ 

1.* I'or Kuncottoii Differs from the preceding hy one mol N0> 
d Insolulde m ethcr-alcoliol and in xiacial acetic acid. 

4 Soluble in ether alcohol, but insolulde iiiijlacial acetic acid. 

/i Solulde in ether-alcohol and in Klacial acetic acid * 

G. By treatment of collodion with i>otassium hydro.xide 
7. By treatment of collodion with aininoiiia 
8 (kmcotton, probably insoluble in ether-alcohol. 

0 By treatment of collodidh with KOH and ammonia. 

10 t>i-eparc<l as the preceding one A constituent of collodion cotton. 

11. A constituent of collodion cotton 

12. Guncotton, insoluble in ether-alcohol. 
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determined that the simultaneous production of nitrites is no 
proof of the existence of the nitro-group. They yiejd, even in 
the cold, nearly all their riitrogen in the form of nitrates when 
treated with sulfuric acid, towards ferrous sulfate and chloride 
they behave exactly like other nitrates, reducing agents convert¬ 
ing pyroxylin into a modified cellulose free from nitrogen. Hence 
he deduces that all pyroxylins are con.structed after the same 
general formula: 

f-i2H2o - nOio ■ ^(O.NOz)^ 

Although difTicult to prepare the individual esters without 
admixture of lower and higher nitrated derivatives, Eder gives 
the following as the properties of the nitrates which he was able 
to obtain. 

Cellulose Hexanitrate. (Cn formula.) Cotton dried at 100° 
is, after cooling, introduced into a mixture of 0 volumes sulfuric 
acid, sp. gr. l.cSl,'), and 1 volume nitric acid, sp. gr. 1.50, the mix¬ 
ture having been cooled to 10°. No more cotton is to be intro¬ 
duced than can readily be immersed, the latter being left to macerate 
in the acid for 24 hours with frequent .stirring and kneading. 
It is then taken out, pressed, thrown into a large excess of water, 
washed by squeezing until it ceases to feel bot, then soaked for 
several days in frequently renewed water, and finally washed 
with hot water. 100 parts of cotton yielded 175-180 parts of 
guncotton, a small amount of which was sdluble in ether-alcohol; 
soluble in nitrobenzene, insoluble in glacial acetic acid or in methyl 
alcohol free from acetone; and of industrial value only for bal¬ 
listic purposes. Its ignition point varies between 160°-170°. 
Wlicrcas ordinary guncotton may contain up to 15% ether-alco¬ 
hol .soluble cellulose nitrate, the hexanitrate appears to be the 
only one quite, if not entirely, insoluble in alcohol-ether. 

Cellulose Pentanitrate. It is very difficult to prepare this 
nitric feter in the pure state by the direct action of nitric acid 
upon cellulose either alone or in the presence of a dehydrating 
agent. According to Eder, the pentanitrate may be prepared 
almost pure by dissolving pyroxylin in warm nitric acid and pre¬ 
cipitating the clear solution by sulfuric acid after cooling the 
solution to zero or lower, this property having been discovered 
by De Vrij. Upon addition of sulfuric acid the solution becomes 
yellow, and afterwards turbid, when the solution is rapidly cooled. 
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After precipitation by four volumes of sulfuric acid of sp. gr. 
1.84, the esfcr is separated and washed^ in the usual manner. It 
may be further purified by adding a ]arge bulk of water, wa,shing 
free from sulfuric acid, dissolving in ether-alcohol, and again pre¬ 
cipitating with water. This priK-ess is continued until the nitro¬ 
gen peranitagc remains stationary upon further treatment. This 
ester is readily soluble in ether-alcohol or acetone, less so in acetic 
acid, and insoluble in ethyl alcohol. Chloroform, carlKin hi.sul- 
fide or amyl acetate are said to have but little solvent effect upon 
it. Reduction to the dinitrate readily takes place by treatment 
with a concentrated solution of sixlium or potassium hydroxides. 

Cellulose Tclramtrate and Trinitrate, which are the most 
soluble forms of colhxlion cotton, are generally jiroduced together 
on the manufacturing scale and are the nitrates of maximum in¬ 
dustrial importance, are fonned when cellulose is heated with a 
more dilute nitric acid, but at a temiK'ratiire higher than that 
required to produce the hexanitratc. A product consisting mostly 
of the tetranitratc is obtained by treating cotton with a mixture 
of 1 vol. sulfuric acid, sp. gr. l.SJ.'), and 1 vol. nitric acid of sp. 
gr. 1.880, at a temperature of <).‘)° for l.'i minutes. A trifle le.ss 
nitrogen is contained in the product obtained by treating cotton 
with equal volumes of H 2 o ()4 1.S4,'), and nitric acid 1.4(H) for bl 
minutes at .80°. ,Schering’s celloidin has the composition of the 
tetranitratc. 

On account of their equal solubility in ether-alcohol, acetone, 
amyl acetate, ethyl acetate, nitrobenzene, .and other liquid and 
solid cellulose nitrate solvents, it is diffiailt, and probably im¬ 
possible to separate one from the other. On treatment with 
concentrated nitric and sulfuric acids, additional nitrogen is taken 
on, and the penta- and hexanitrates result. Conversely, reduc¬ 
tion to the dinitrate stage takes place by means ( f treatment 
with NaOH or KOH. * 

Cellulose Dinitrate may be foimed by cautiously reducing 
the higher nitrates, or by the action of hot’ and dilute ifltric acid 
upon cellulose. This ester readily dissolves in ether-alcohol or 
acetone, and is also said to dissolve in ab.solute ethyl alcohol. 
If so, and there are cellulose nitrates readily pnxlucible on a 
manufacturing scale which will do so, this is Jirobably a distin¬ 
guishing test for this nitrate alone. The continued action of 
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alkalis on tlic diiiilrato failed to prodijoe the next 'lower body- - 
cellulose mononitrate treatment resulting in an entire decompo¬ 
sition of the ester into modified cellulose, organic acids and nn- 
defermined hotjies. 

While the classification of lider mude it much easier to satis¬ 
factorily explain the nitrocelluloses ])roduced by him and his 
cfiiittmporaries, yet as it gave a maximum nitrogen content of 
M.llf,'. to guncolton -an amount never realized in practice - the 
snbjeci was again investigated by Vieille in ISSli. 

Researches of Vieille. Uder raised Ihe.fornmla of the highest 
procurable cellulose nitrate to “hexanitrocellnlose,” although, of 
course, the percentage composition remained ntichanged. Vieille,' 
however, working along similar lines, found the six possible com- 
])otmds of I'Mer did not satisfactorily explain the percentages of 
nitrogen which he obtained, and in order to express them in 
chemical terms, was obliged to double the formulas. Therefore 


the highest obtainable nitrate was considered as a dodecaderiv- 


alive, aiid its formula 

expressed as C. 2 )H.j 8 () 2 (i(N(b)i 

2 ffolu the 

parent cellulose molecule CViHedbu (see p. 11). 

His el 

assiru'ation 

of the cellulose nitrates 

is expressed as follows. 



Degree's of Nitration 


Nitrogen 

1 Co NO iH'r 

'■Vieille” 

lH)rimil:i 


Oni 

1.—Dodee.uiitroeelliilose 

C,,II;,fh„(N<l,)„ 

1 M t 

227) li 

lvn(leeiniilroeelliilo''e 

C;,I1,,0,„(.\(),)„ 

IS 

217) (1 

I)ecaiiiti<)celhilob<e 

C;iII,„(l,„(K(l.)i„ 

12 7(i 

20;i 7) 

JvniH'aiiitrocelhilobe 

C,,llVWNO-,)» 

n 

190 !l 

2.—(letoiiilnKM lhilosi' 

C ‘d I lit hit Nt t’ts 

1 1 12 

177 ;i 

Ileptanitrocelinlose 

C„lli,lh„(N().), 

II) IS 

102 4 

Jlcxaiiitroeelhilo’sc 

C..,tI„(),„lNO,t,, 

9 If) 

140 0 

IViitanilroeelhilose 

, C.,1I,0.„(N0,) 

S 02 

127 9 

3.- Tctranitroeellulose 

C,,ll;,,0,„(l\().,), 

1) 77 

107 9 

d. - Ceiliiiose . 


0 

0 


Ile found, however, that the highest nitrate which he w'as 
able,to produce contained but 1)1.17'iiitrogetE and therefore 
the older trinitrocellulose was not included in his list, but the 
followinj^ eleven only: Guncottons, endcca-, and decanitro- 
cellulose; Collodions, Ivnnca-, octo-, and heptanitrocellnlose; 

1. Conipt rend J.S8g, 95, ttig, Mem. <les potidres et salpetres, t884 - 

2, 217, al)st Proc. I'. K Na'-. Inst tH,S2, 8, (5ti8; Chem. Ind 1883, 5, 
Cliein Tech Rep 1882, 21, It, 17(i, them News, 18.82, 46, H(i; 1. C S. 

18.82, 42, 11,84, Diin;l Polv. 1882, 246, 54(1; Chem. Ceiitr. 1.882, 53, (i:{2; 
Bull. Foe. Chim. 1883. 39, 527; J. S C. I 1882, 1, 516, J.ilir. Chem 1882, 
35, 1187. See .also Rev. .Sci. 1.882, 30, 1.56 Arms Expl. 1868, 6, 70; 1901, 
9, Ijo. 
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friable colliKrHnis, liexa , iieiila , ami leliaiiitnKvllulose; the 
derivative^ l*el(i\v the abo\e m*t lu iii" ]iie|>.iuil b\ him. 

Vieille’s statements are t.mtamBmit tn assirtiiif; that the 
highest obtainable eellnlose nitrate, also of iiisolyble mmeotton, 
cannot eontain o\er Id 17' , nitrogen, and this, loi;elher with the 
elassiliealion of (Ueanilroei-Ilnlo'e a- an insoluble nitroeellnlose. 
have sinee bieii e(.nehisi\el\' leliiti d ,md |ao\ eii iii.'u'enrate be\ ond 
disinite. 

h'rom his e.vperiments n ,i])iiears tliat the most important 
factor in determimni; definite and n iiUollable Usulls in lelhllose 
esterification is the eoiuinlralion of ilu- mine acid, which was the 
principal variant qnaiitit iti\< K in\i st isated. 'flic tim|eralnie 
of nitration was ki]it const,ml at in" II , and a l.iice aiiiomit 
of nititc acid from I'i.'i to I.MI inius Ilu welkin of llie cotton 
was employed, in ouUi that lise in temperatnii- i.r dihilion of 
acid from water ki'cii oIT in the rrailion, wimld exert a iiiinimnm 
cfTeet nptiii the compiiicnts of tlu' e.stiiifvinr; s\suni. The 
prodiict.s which were aiialy/ed by a inodirnd Schh esiii^; method, 
arc expressed in cc. Kt).. ^;as under standard londilioiis, calculated 
to I Kin. of ester, and are indicated in 'I'able C\'. 

The leiisth ol exposnic of the cotton w.is determined in each 
instance, and was ahvaxs under control. 1'. \'ieille found with 
the ttcid UNO.,'"Hjt) (J fsS sp. ^r / that aflci forty eiKlit hours’ 
immersion, the jirodnct was still blued with iodine, and ffave Hil 
cc. N(b, but after sixty-two hours' tiealmeiit (when the iodine 
reaction could not be ohtaincdj, the jnodnet contained l(i.'i.7 cc. 
NOj. lie coiichides that tlie c\|)loM\e firopcities of the cellulose 
nitrates are in direct relation to the conipleteness of nitration, that 
with decrease of nitric acid absorbed by the cellulose molecule 
decrease in combustion results, and inciease of carboiiai'eous 
residue as the final result. For praidical purposes, die classifica¬ 
tion into three Kfaijis is made, the “guncottons,’’ “collodions,’ 
and “friable cottons The stability decreases with decrease of 
nitric acid content, with rcsjrect to reagents such as hydrochloric 
acid and ferrous salts. With products of low nitration, the deconi- 

1. According to Vieiile the iiieasiireni at of pressuics developed hv 
the products in closed receptacles showed that the force diminishes cor- 
rcspondinKly with a decrease of nitrogen 'i'hus a cujlodion cotton yielding 
18-1 cc NO produced pressures inferior by one-hflh those furnished by a 
guncotton of 211 cc Therefore the percentage of nitrogen constitutes a true 
measure of the explosive qualities of the nitrate. ^ ^ 
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Tabib CV.— Cbhulosb Nitratbs According to. Vieible 


Density 

of 

HNOa. 

15“ 

Composition 
of the 

Acid 

No. of Cc. 
of NO 2 
Kvolved 
by 1 Gm 
of the 
Nitrated 
Product, 

■ 0 “; 

760 Min. 

< 

® Remarks 

1.602 

1 497 

HNO, + 1 SHaO 

2021 

197 9 

The nitrated product resembles 
cotton U is completely sol¬ 
uble in acetic ether; very 
slightly soluble in pure ether 
or ether-alcohol 

1 496 
1.492 
1.490 

HNO. ].68Hi() 

HNOi + 1.8511,0 

194 4 
187.3 
183.7 

Soluble completely in acetic ether 
and ether-alcohol. The fiber is 
not attacked. Collodion cot¬ 
ton 

1.488 

1.483 

HNO, -f 2.7 IIsO 
HNO, + 2 ISHjO 

165 7 
164 6 

The nitrated product has the 
same appearance as cotton. It 
l)ccomcs gelatinous through the 
action of acetic ether and ether- 
alcohol. Solutions more gel¬ 
atinous 

1 476 
1.472 

1 469 

HNO, -t- 2 27H,0 

HNO, + 2 . 5 OH 2 O 

141 1 
140 0 
1.39 7 

Cotton dissolves m the acid jiro- 
duces a viscous liquid precip- 
itablc by water The product 
thusobtained swells up, through 
the action of acetic ether, and 
l)ccomes gelatinous without 
dissolving, iithcr-alcohol pro¬ 
duces no effect 

1.46;i 

1.460 

1.4,55 

1.450 

HNO, + 2.,5()H,0 
HNO, + 2.7611,0 

HNO, -h 3.0811,0 

128 6 
122 7 
115 9 
108 9 

The product is extremely friable, 
and is collected in the form of 
a paste. ^Neither acetic ether 
nor ether-alcohol produces any 
effect upon it. vStrongly col¬ 
ored by I in KI solution 

1.422 

1.4.30 

<■ 

HNO, -1- 3.08H,O 

108.9 

Residue becomes more and more 
friable, and is strongly black¬ 
ened by th© action of iodine 
solution. Nitration, insignifi¬ 
cant 


position commences in the cold; with mean nitration a few min¬ 
utes' heating is required, while with the products yielding more 
than 200 cc. nitrogen dioxide pei* gram, sustained ebullition is 
required to indufe decomposition. These nitrates, then, appear 
to acquire a maximum of stability along with a maximum of power. 
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V'icille eiirploycd sulfuric acid of sp. gr. 1.8;{2, and nitric acid 
of sp. gr. I..‘y0, and the absorln'iit cotton prepared for pharma¬ 
ceutical uses. The nitric acid was tredted at a temperature of 
70° with dry COj gas for several hoursui order to expel the nitrous 
fumes, while 4 gni. siunples of cotton were u.sednn the experi¬ 
ments. The acid mixture was placed in a flask which could be 
closed, the cotton added, and the contents thoroughly shaken in 
order to insure intenningling as nearly instantaneous as possible. 
After shaking the flask was allowed to remain in water at 1S°- 
10 ° for jx*ri(xls of 0, 12, and 21 hours, respectively, then washed 
to neutrality in the usual manner, 'rwenty-five separate experi¬ 
ments satisfactory to the author were made, the results of each 
being shown in Table CVl. 

critical examination of the results shown in this table 
indic.ates that the mixtures in which the proportion of nitric acid 
is low (as in mixtures .') and (i) give, e\ en after 12 hours’ reaction, 
an incompletely nitrated product, which is not completed even 
after 21 hours. 'I'hese mixtures, therefore, must be considered as 
not ideal. 

In a second scries of experiments the tem|XTature of esterifica¬ 
tion was maintained at 7° S°, the other factors being substantially 
die same except that they contained but water, but it was 
loled that with the reduced temperature saturation prrx'ceded 
uuch more sknvly.- 'rhe*rcsults are shown in Table CVII 

The investigations of Vieille in their entirety, undoubtedly 
■onstitute one of the most important contributions on the chem- 
stry of the cellulose nitrates which had been published up to 
-hat time. 

Brulcy' .supplemented the researches of Vieille, first by a 
■areful analysis from a practical viewpoint of the theoretical con- 
idcrations deduced, and then carried the subject further by ex- 
imining into the effect which the several variants of the esterieing 
rath exerted upon the finished product, as well as the influence of 
he treatments of washing, pulping, etc., i.* c., the processes to 
vhich the ester was subjected after nitration. His results possess 
i practical utility aside from the theoretical considerations. He 
lemonstrated that in the process of nitration, while still keeping 

1. Mem. Poudre et Salpctrcs, I8!t5-189<), 8 , Ulfabst Meyer Jahr. 
;hem. 1897, 7, 301. 
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*2 
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A 

Cl l- h» O © 
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Nitrogen 


O CO O © OR © 
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-•O'tCl o © 

cjei-^»-t Cl fh 


b 

CO 

O ©cici O'jri «©« 

ci: : ; ; : : : ci©: t-: : : I’.co: : oo; o; co; 

12 Hours 

Solubility 

o 

o 

a 

« 1 ' o Cl yc >c o f o « -< Cl © M -f -- © Cl © Cl >0 *0 lo 

t • h» Cl Cl O © '*) • O cc Cl f — "C d h- 'O -.f — CC © cri © -1« 
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n 

V 

■« 

0 

y. 

j 

Cl o -o 'O •»' f (N f CO Cl © Cl Cl © © Cl © or o -t f © © 

-t<>c©1i~r,^cr: OI-©©*f’>^-"’-00'0©COt--“©© 

©ooccici© o/i©i-io-i'-i‘h.©©©r>—oo©© 

-H Cl Cl Cl.-^l-l»-lr^r-l.-(r^-^.-<.-<r-.C4rHCl-HrH 


0 

■ji 

© .n-< o — N © 

o-i': ©: : : Cv©: : ©: «: f: 


> 



G Hours 

Solubility 

o 

o 

a 

no ^ 10 rHic .-i.-«-Hio©i-.©©fOcr)Ci Cl 

’ • * ©• «©d 0 b©ci©h.©'*i-r-flic- Cl- 
© T-< © CT/ © © © M « © © Cl © * © © 


s 

0 

y. 

'j 

00 Cl CO ©©dCl-f-'t'ClOX^OOCO-t' © 

■•‘■d; ; ; : cc: i’.©cii'^dor-HyR©-^r)0©'r: i-: 

do ^ — 2 


o 

tc 

S' l- © © © © ■'' r"! >0 ■/) Cl -t* l* Cl « © Cl Cl 1^ -f »ft -f d OO © 

O''j‘©«cidd©c*'©©-t‘«©-j<ioo©’*‘-fx©©ss 

C.5Cl-i«-cdClfCCl''IMrtC5rt-t"rtWdCI«-HCI.-lCI'-i 

'.fixture 

5 

y 

Cl©iHClClX0«0©©0-<'Cl-J'©CC©©CI'»«©'»f-H© 

lOOS X© » XX © ©f ©SS©»f"0-f ©'ljV.S»X© 
— --ClC?iC»f'dM*}>©^’J'ee«ClCl*^»-C5 


6 

CO 

X 





.Hd«V©©sx©o-M«2:22t:22gdcicid« 


* In No 8. cotton dissolved m acid mixture 













TAULt: evil N-nkATi<'N' i:x4’i:kiM} NTS (jr 


NlTROCKULULOSK THEORY #1055 

















1058 


' TECHNOLOGY OF CELLULOSl} ESTERS 


until no further loss in weight occurred .and kept in ii desiccator 
until used. The ash averaged O.OO'X 

'I'lie highest stage of uilrj.tion w'as obtained by using 2.5 gm. 
eelhilose, .‘>(1 gnn nitric acid (sp. gr. .!.■'>-) **** HR'- sulfuric 

acid (sp. gr. 1.8-1) at a constant tcinpera1»irc of 15° during twenty- 
four hours, the nitrogen content varying from 15..'i7%-13. l','(,> 
which" approaches closely (b!.4S';o) to the endecanitrocellulose, 
and accords with the highest nitrogen product of Vieillc (l.'i. 12'/o),- 
J. Kder (13.111*'))“ and b. Vignon (13.35'/)).'* Variation of the. 
temiicrature within the limits 0°-10° did not produce higher 
nitrogen percentages, from w'hich the conclusion is reached that 
the endecanitrate is the maximum obtained by nitration with a 
mixture of nitric and sulfuric acids. Increasing the ()uantity of 
sulfuric acid lowered the nitrogen content, while decreasing it 
caused a slight rise in nitrogen. However, by using the method 
of C. Hoitsema'’ a nitrate containing 13.1)0';), was obtained, sufh' 
ciently near to the percentage for dodecaiiitrate (14.1-1',’)).'’ 
However, in later experiments with Bebie, Lunge demonstrated 
that with acid mixtures containing as high as 11.34% water, a 

1 T!r- acid nii\tiiies in each instance were made from weighed quan¬ 

tities of “chcniically pure” sylfuric acid, sp gr 1 St, and fuming nitric acid, 
sp. gr , I 52, the former showing HjSth, the latter U3 7()'’o HN().[, 

and from lower oxides of nitrogen which were removed in tlie or- 

ilinary way. 

2 Coinpt. rend 18S2, 95, 132, Mem. des pondres et salpetrcs, 1881- 
1881), 2, 217, ahst Proc I' S Nuv Inst 1882, 8, 008, Chem Ind 1882, 
5, 3'10; Cliem. Tech Kep 1882, 21, II. 170; Cheni. News, 1882, 46, 00; 
J. C. S. 1882. 42, 1184, Dingl 1‘olv. 1882, 246, 540, Chem Cenlr. 1882, 53, 
()•:2; Hull vSoc. Chnn 1883. 39, 527. J. S C I 1882, 1, 510; Jalir Chem 
1882, 35, 1187. See also Rev Set 1882. 30, 150. Arms lixpl 1898, 6, 70; 
HM)1, 9, 175. See also I, Vignon, Compl rend. 1903, 136. SIS 

3. Ber 1880. 13, l(i9, 180, alist J. C. S. l8eS0. 38, 372; Zts. Chem. 
Grossgew. 1879, 4, 287. 1880, 5, 42, Jahr. rein Chem 1880, 8, 492; Bull. 
Soc. Chim 1881, 35, 79, vSit/.l>ei. Akad Wissen. 1879, 79, 537; Wag. Jahr. 

1879, 25, 390, J A C S 1880, 2, 173; Jahr Chem. 18.80, 33, 1005; Indbl. 

1880, 350; Clicm. Ind. 1880, 3, 240; Chem Tech. Rep. 1880, 19, 338. Diugl. 
Boly. 1^80. 237, 2.54, Amer J. Sei 1880. 19, 40.5. 

4. Compl rend 1898, 126, 1058. 127, <S72, abst. Bull. Soc. Chim 1898, 
19, 8.57. J vS C. I. 1898. 17, 794: 1899, 18, 81; Chem. Ceiitr. 1808, 69, II, 
422, 1240; Jahr. Chem. 1898, 51, 1378. 

5 Zts. ang C'hcni 1898, 11, 173, abst. J. vS. C. I. 1898, 17, 374; Mon. 
Sei. 1898, 51, .5(X): Cliem Centr. 1898, 69, I, 7.S0; Jahr. Chem. 1898, 51, 1377; 
Wag. Jahr 1898, 44, 383. 

6 . H. Warren (Chem News. 1.H90. 74, 239; abst. Mon. Sci. 1898, 
51, 52, Rev Sci 1897. 8, 255. Chem Ceiitf 1897, 68, I. 214; Chem Tech. 
Rep. 1890, 35, 11. 498, Chem Ztg. Re]). 1890, 20, 298, Meyer Jahr. Chem. 
1896, 6, 309; 1897, 7, 354, 305, Tech. Chem Jahr. 18)7-1898, 20, 152; Wag. 
Jahr. 1890, 42, 412) formation of “tetranitroccllulose” from the trinitro- and 
phosphoric anhydride has never been corroborated. 
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product coiKainiri; lli.S', nilroncii can lie obtained, wliicli, liow- 
cver, i^, Il^t st.ddc, but uradiially losc-i iiitroncu until , 

nitro;;cn is readied, but rein.iiiied pi*ileetl\ constant at this point. 
It ap|X'ars, tberefore, (roni tliis in\'estit;alni's uork, that the 
endeeanitrate is tlie highest stable form. The im|ioitaut observa 
tic n was made ,md experimentally eoiioborated, that by lower¬ 
in'; the proportion of watei to a minimum ' the percentage of 
nitrogen in the product is not raised, and that it is therefore 
useless to iiurease the expense in nitration by emtiloying mix¬ 
tures loo high in total acid. 

The inHueiiee of water on the nitrating ])roeess was deter 
mined be beeping the nitric .ind sulfmie aei.ls praetieally eon 
slant,' and v.irving only the water content '’ The tesnlts are 
appimlicl m the lollowing table 



Njtifim n 

Soluble 111 
b.l her 
akohor 

Yield 

Cotton 

Ay III 

Mixture in 

Ter cent 

<(> 

', 

' , 

' 

IIS'I, 

IIM), 

11,0 

•l 

r».*) 

1 7)0 

177 

1.7 

21 

ID 

D7 

.7 02 

2 

la LM 

jD 

170 2 

12 

01 

10 

Dl 

11 4S 


12 7I| 

22 iH) 


11 

d:> 

11 

4.7 

14 .72 


12 .'.s 

i;d do 

107 D 

ID 

oil 

4.1 

S7 

1.7 4D 


12 di 

DO 1 1 

i:.D D 

ID 

11 

1.4 

2.7 

10 01 

<; 

12 d:> 

DO SI 

Ibd D 

OD 

07 

12 

7.4 

17 S2 


11 bn 

IDD D2 

1.”)() .) 

:5s 

D.7 

12 

1.7 

bS DO 

s 

to ‘I,> 

00 S2 

111 2 

;;s 

};■; 

11 

.11 

20 20 

■I 

■1 7o 

71» 22 

1 10 D 

• 57 

2d 

4D 

4D 

22 ,')() 

ID 

II ;n 

1 i:> 

i.:h d 

::o 

! 2 

.TD 

7S 

24 .70 

1 

.H -ID 

D 1)1 

idl 2 

2.7 

sr 

4S 

.h:i 

2.7 40 

IJ 

D .‘(1 

1 7.: 


:>i 

41 

47 

17 

2.S 42 


* Two parts i-tln-i .uni oils p.irt .ilcoliol is lut'-ll'K'ii wluai “uthei .ilcoliol" 
IS specified 

As is shown by the third column and might be expected, the 
products obtained were not ebemically pure, but mixtures of 
\arions stages of nitration. The abo\e lesnlts show the fallacy 
of attempting to judge of the ether-alcohol solubility of ^ cellu¬ 
lose nitrate from the nitrogen eontent. As these results indicate 
that a difference of a few per cent, of 'vaj.er may produce greatly 

1 W’liicli \v;is alTcf'tLfl by tht adflituiii of olvutii 

2. Thus inlroflucinj; ])ut urn* \ari.ib!i fwati-r). when-as Vifille intro¬ 
duced two (water and nitric acid) and Iin results must therefore have 
depeiulcd upon l)oth conjointly « 

d The small amount of water in the highest concentrations was riuidc 
possible by adding free sulfur tno.vide m the form •of finning sulfuric acid 
The temiKTature, duration of reaction, and piojiorlion of cellulose to react¬ 
ing mixture \'fcTe kept practically constant. 



1600 


TBCHNOIvOGY OF CELLULOLE ESTERS 


differing stages of nitration, the explanation becowes clear that 
various nitrocelluloses must be produce'd where there is a chemical 
production of free water, aq4 to minimize this variation the per¬ 
centage of water so formed may be diminished by a large volume 
of nitrating acid, the variations decreasing with an increase in 
volume of acids.' No. 5 in the above table is a formula for the 
production of a collodion completely soluble in ether-alcohol and 
suitable for the production of photographic films, although the 
high percentage of nitric acid makes it an expensive mixture. 
From this table it appears that the group of entirely .soluble 
cellulose nitrates, with a range of 12.31% 10.93% N, is obtained 
from acid mixtures ranging from 16.6%-20.3% water, and that 
the typical collodion cotton (octonitrocellulose of 11.13% N) 
requires 19.3% water in the acid mixture.-' Below 10% N, it is 
seen, the solubility rapidly diminishes, while if the acid mixture 
contains 25% water or more, much unchanged cotton is left. 
In the beginning there is but little nitration, but much oxycellu- 
lose formed.® The morphological structure of the nitrate is 
greatly altered by an increase of water in the acid mixtures, above 
18% water the fibers showing disintegration, the destructive 
action being at the maj^mum with 25% water. 

In determining the influfncc of temperature on the nitrating 
process, it was found that rise in temperature rapidly increases 
the speed of the process, while the percentage of nitrogen decreases 
when passing from IfiMO", but remains practically constant 
when nitrating from 60°-80°. By nitrating at higher temper¬ 
atures the cellulose structure is materially changed and passes 
into solution in the reacting mixture. Best results in the pro¬ 
duction of a nitrate of 99% solubility in ether-alcohol were obtained 
by nitrating four hours at 40° in sulfuric acid 38 95%, nitric acid 
42.15%, water 18.9%. In varying the proportion of sulfuric acid 
to nitric acid, Bunge found that -with increase of the former the 

1. For this reason preparation of the cellulose nitrates by a centrifugal 
is of advantage inasmuch as the proportion of cotton to acid is as 1:50-55. 

2. The author is aware of .substantially this formula having been tised 
commercially by means of centrifugal nitration and with excellent results 
as regards uniformity in ether-alcohol solubility. 

3 . This may be shown by the entire or partial solubility in dilute 
alkalis; precipitation from solution by acids or alcohols; intense coloring with 
basic dyestuffs; reduction with Fehling’s solution and reaction with phenyl- 
hydrazine. 
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ipeed of the process rapidly decreased up to equal parts of each 
rcid, while tjjie maximum of nitrogen in the product is produced, 
f the proportion of sulfuric to nitric acid l)e not less than 1:4 
lor greater than li; 1. furthermore,‘above a certain proportion 
jf sulfuric to nitric acids (approximately S: 1) the final product 
ilways contains cellulose, while an excess of sulbiric acid affects 
ilso the stnicture of the cellulose nitrate. In general, however, 
die larger the quantity of sulfuric acid in the nitrating fluid in 
ximparison to the nitric acid, the slower the entire process is 
-'omplctcd. Lunge’s work showed that for the preparation of 
'cllulose nitrate of practically complete ether-alcohol solubility, 
:hc proportion of equal parts of nitric and sulfuric acids with 
19',;-20',;, water in the mixture should not be exceeded. In cor- 
oboration of Iv. Bronnert' and L. Vignon,’ it was noted that 
nore dilute acid mixtures evidently resulted in the formation of 
ixycellulose, if not some nitrooxyccllulose.’ Of the cellulose nitrates 
ibtaincd in the usual manner, products soluble in ether-alcohol 
nay be ^obtained from lO.lS',; N (hepta-) up to decanitrocellulose 
d2.7()' ; N), but the collodion and pyroxylin of commerce used 
or lacquers and artificial leathers and silk, range between hepta- 
rnd cnnca-nitrocellulose (11.97',','; N), and where complete sol- 
ibility is desired, nitrogen percentages from 11 11 X>, with fonnula 
N'o. 7 in the preceding table.* The proportion of lower oxides 

1. Bull dc Mulh lllOfI, 177, alKt. J S C I I'.KKI, IS, Kill, 820; Jalir. 
.'liom 1!)(XI. 53, 8t.'i, Chem Centr. KXKl, 71, II, 710 

2. Comm rend IIHX), 131, .SO!); ahst Chem. CeiUr 1111*1, 71, II, 
Ul.J S. C 1 lono, 19, 10:m, Mon. Sei l'.ll*l, 55, 782, Jahr Chem KKKI, 
(3, 810; IDOL 54, 8112, Hull, ,Soc Chim. 1(101, 25, l.'iO 

8 For each test 0 .7 xm of the product under examination was heated 
>11 the water bath with l.SO cc. of (1.7'i solutum methylene blue for an hour, 
ind after cooling !(*) cc compared with an equal volume of the orii'inal 
.olulion in a Lummer-Hrodhuhn colorimeter, to ascertain the loss of color- 
ng matter The results obtained indiiated that the [iroducts formed with 
■oncentrated acids contain no oxycellulose, while dilute acids did result in 
ts formation. The same result was obtained with .SchifT’s ildehydic group 
'eagent—a solution of fuchsine decolorired by sulfurous acid • 

4 A iiumlier of interesting experiments were made to determine the 
imits of ether and alcohol which could lie varied from the 8.1 formula and 
itill dissolve the nitrate. A 11 N-coiitainiitg ester dissolved readily 
n 6R; lA, only 9.7% in 12Iv lA, in the last case 824 cc ether to 26 ce. alco- 
lol being required to dissolve 1 gm , which 26 cc. alcohol alone would not 
lave done. 27U:1A dissolved but 7.8';, when 1 gm was treated with 360 
;c. combined solvent. In the other direction IE 3A acted as a complete 
iolvent. 1E:6A dissolved 93%, 1E.5A dissolved 9.6%. all of which goes to 
ihow that the proportions of these two liquids may be combined within widely 
varying limits from the commonly accepted proportion. 
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of nitrogen in tlie nitrating mixture had little, if any, influence 
on the yield or nitrogen percentage of the resulting product, as 
is indicated by the folloiving results, in which the question of 
stability docs not enter: * 



N( h 

Nitrogen in 
Guncotton 

Yield 

No. 


'/o 

'/I? 

1 

0 1.4 

14 Tm 

174 r,:i 

2 

0 1)1) 

14 r>o 

175 02 

li 

1 Xl 

14 r.f) 

173 98 

4 

I." 

14 

175 00 


While tlic presence of oxides of nitrogen in the ])rodncts of 
lainge did not decrease the stability as determined by the methods 
of Abel and ('.uttmann, it must be remembered that free nitrogen 
p<'roxidc in the litjuid form has a very destructive action U|)on 
cellulose.' 'riicse investigations in their entirety form one of the 
most valuable contributions to the subject of the formation of 
the cellulose nitrates. 

With the object of ascertaining whether higlily nitrated cellu¬ 
lose (bf.b' f, N) is a true cellulose nitrate, oxycellulosc ^nitrate, 
hydrocellulose nitrate, or a mixture of these substances. If. lierl 
and R. Klaye" undertook nitration experiments with cellulose, 
hvdrocellulose iind oxyuellulose under fireciscly similar conditions 
so far its possible. 'I'lic substances used were cellulose, hydro¬ 
cellulose, hvdralccllulose, - 111(1 oxycelluloses prepared with potas¬ 
sium permanganate bromine, nitric aci'd, ])otassiuin chlorate, 
bleaching powder, and a new oxyccllulose prepared by them by 
means of ctilcium permanganate, all of which, besides being 
freed from fat, were analyzed, microscopically examined, and 
tested with retigcnts such -as methylene blue and hVhling’s 
solution. 

These products were then nitrated and were then exam¬ 
ined by physical and chemical methods, the results being set 

i. too gm liquid nitrogen tetroxicic acting on 8 sm pure cotton dur¬ 
ing tlircc days in a refrigerator, converted it entirely into a viscid mass 
mostly soltiliie m Iioiling. water The solution reduced Kehlmg’s solution 
on tioiling, and reacted with pheiiylhydra/inc. and lead, silver and barium 
salts 

2 Zt.s vSehiess ,Sprcng. 1907, 2, .381; Chem Centr 1908. 79, I. 1381; 
J. C. wS. 1908, 94, i, 504; Jahr. Chem. 190;V1908, 97(1; Wag Jahr 1907. 53, 
1. 430. C. A. 1008, 2, 184. Zts Schiess.'Spreng. 1907, 2, 403, Wag. Tahr 
1907, 53, I, 431; Jahr Chem. 190.5-1908, 975; Chem. Centr. 1908. 79, I, 
1381, J C S 1907, 92, 1, 390, C A 1908, 2, 898 Mon. Sci. 1910, 73, 103. 
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forth in tables.and graphic diagrams, slunving tliat tlic authors 
liavc made a ♦oniparative study of tlic hydrocclluloses and oxy- 
celhiloses previously known; have prepjjrcd a new oxycellulose by 
treating cellulose in the cold with calcium permanganate; have 
formed the nitric esters of these substances under tdentical con¬ 
ditions and subjected them to com])arativc study; have demon¬ 
strated that the nitrate containing Id,.')' < N, obtained at ordinary 
temperatures, is a true nitric ester of cellulose; have shown that 
under these conditions the hydro- and oxycellulose nitrates ob¬ 
tained contain less \ than the cellulose nitrate does; that the 
solubilities of the hydro- and oxycellulose nitrates in ether-alco¬ 
hol are the same as that of the cellulose nitrate; that the absorptive 
|)owers of the hvdio- and oxycellulose nitrates for methylene 
bine are nnieh greater than that of eellulose nitrate; that the uu- 
nitrated materials fix imieh more methylene blue than their nitrates 
do. that the xiscosities of acetone solutions of cellulose nitrates 
augment, for the same tem])erature and equal duration of nitra¬ 
tion, with the X content; that the \iseosities of acetone solutions 
of pure eellulose nitrates are su])erior to those of the hydro- and 
oxycelhdose nitrates of the same X' contents; and that the treat¬ 
ment of cellulose with hydroly/iug or oxidizing agents causes a 
breaking up of the complex cellulose molecule. 

Their residts are epitomized in the following table; 



Nitrogen Ijv 

Atomic R.ittos from 

SoliOdlily 




Nitioiii- 



An.ilyscs 


111 

Nf ethylene 



cter 

I^lllll.lS 

t' 

H 

N 

O 

i:t-AI 

liliie Te^t 

Viscosity 

(.'fllillosO 

l.{ .'>0 

13 .32 

21 0 

■i\ 0 

It 1) 

U .H 

1 H 

0.0 

10,(HK) 0 

MvtJrocoIhiloxo .. 

l.i 2:i 

13..If) 

24 0 

3li 

■ JO (♦ 

42 1 

12 l.j 

2 4 

or*. 7 

HxtJr.iUfllulosc 

i:i 07 


24 0 

30 3 

10 0 

11 2 


2 i 

H 1 

()/c 

l.i 31 


24 0 

32 S 

10 H 

41 .*> 

Is b 

1 0 

/i.2 

Mr O/c 

12 1)2 

l.i 2') 





1.'. 

3 r, 

0 1 

‘..tiMnOrlrO/c 

1.1 2.'-> 


24 0 

3.''. r> 

10 K 

41.4 

20 

3 3 

11.1 


12 87 

n 2S 

24 0 

34 0 

10 4 

. 40 0 

3 4 0 

5 0 

7 y 

KC’IOs-O'c 

l.i 01 


21 0 

-i'i 0 

10 2 

40.3 

is 0 

3 0 

7.2 


K. Bed and M. Delpy' have investigated the material ex¬ 
tracted from cellulose nitrates in the course of manufacture *by 
the alcohol used in removing the water from the pulped material, 
being obtained from tlie accumulation in flie still from* which 
the used alcohol was rectified. This residue when dried is a brown 
powder contaminated with iron oxide, and sodium and calcium 
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salts from the wash water. When purified by solution in ethyl 
alcohol and precipitating with water, it forms a brown powder 
with an ignition temperature of 162°. About two-thirds are sol¬ 
uble in ethyl alcohol, evaporation of the latter leaving a yellowish 
residue, from which anhydrous cthet fails to dissolve it. The 
molecular weight was determined as lORS, ignition temperature 
as 174°, and nitrogen 9.S<S%-I0.06%. The fraction insoluble in 
ethyl ether is a violet-colored powder containing 9.4.5% N, and deto¬ 
nating at l.')7°. .Stabilized nitrocellulose from which this alcohol- 
soluble material was obtained, had an ignition temperature of 
LSI.,5°. The fact that the real stability of a nitrocellulose is not 
obtainable from a determination of the ignition temperature alone 
was demnnsitrated by them on mixtures of purified nitrocellulose 
with 10% 2()6i, of these unstable products. These alcoholic- 
soluble products arc considered as nitric esters of “disintegrated 
cellulose material,” the removal of which constitutes an additional 
purification treatment for the cellulose nitrates. The viscosity 
of the tinstable material in 2% acetone solution was very little 
greater than that of pure acetone. 

E. Berl and A. Eodor have contributed to the chemistry of 
the cellulose nitrates by a study of the nitrogenous decomposition 
prcxlucts of the alkaline saponification of nitrocellulose, in which 
the authors—considering cellulose as a condensation of monose 
complexes -adopt a formula, (C„Hi 2 () 6 ))il,« -- l)H 20 , as the true 
cellulose formula, differing from that commonly accepted 
(C6 H,ii06)m by a greater amount the smaller the value of n. 

Eull details arc given in experiments in which cellulose nitrate 
(12.8% N) was partially sa{)onified with NaOH or alcoholic KOH 
to such an extent that no nitrogen-free aliphatic acids resulted as 
decomposition products. The nitrogenous bodies obtained indi¬ 
cated a strong breaking down of the cellulose structure, molecu¬ 
lar weight determinations being possible in al&holic solutions. 
This is further indicated by low viscosity in 2% acetone solu¬ 
tion, 1.10-1 .,88 as compared with 18.5 for collodion cotton, and 
9500 for highly nitrated cellulose.' 

This product is designated as cellon acid nitrate, and is con- 

1. Zts. Schies.s. Spreng. 1910, 5, *313; Wag. Jahr. 1910, 56, II, 440; 
J. S. C. I. 1910, 29v 1083. Zts Schiess. Spreng. 1910, S, 254, 269; Chem. 
Zentr. 1910, 81, II, 874; Jahr. Chem. 1910, 63, II, 424; J. C. S. 1911, IM, 
i, 264. Zts. Schiess. Spreng. 1910, 5, 296; Chem. Zentr. 1910, M, II, 1039; 
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sidered as d^ved from a product of lactonized glucosidohexonic 
acid, its formula being CsiKssOieCNOals, ‘with a molecular weight 
of S,S7.;{. It forms definite cximpounds with phenylhydrazine 
and bromophenylhydrazine, acid saponification yielding glucose 
and hcxonic acid. Other bodies of a nitrite character were also 
separated, evidently the products of more advanced decompo¬ 
sition. The technical value of this study is in connection with 
the usual purification process for cellulose nitrate in smokeless 
powder manufacture, where the removal of free acid is hastened 
by boiling with dilute sodium hydroxide. 

Thus may be produced these tmsl.able alcohol-soluble com- 
jioimds with an ignition temperature of and the liability to 
spontaneous decomiiosition increased. Their complete removal 
by long boiling with water or by alcoholic extraction will yield 
the limit slate of stability.* 

They afterwards found that the nitrogen compounds above 
described arc intermediate products in the formation of a large 
number of non-nitrogenous compounds. Treatment of cellulose 
nitrate with 3(}'’o KOI! causes rapid saponification, producing 
large amounts of oxalic acid and hydroxypyroraccmic acid,* the 
latter acid being optically active, notwithstanding the statements 
of J. Aberson,’ does not lose this property by long heating on 
the steam bath. This cftinpound is evidently present both as 
COH-CHOII-COOH and CH20H-Cf)-C00H, the former being 
optically active, and readily decomposes to oxalic acid on stand¬ 
ing. Cellulose nitrate when shaken for 24 hours with 1U% KOH 
and the filtrate acidified, then precipitated with barium hydroxide, 
evolved large amounts of ammonia, and in the precipitate was 
separated and identified the barium salts of oxalic, malic, glycolic, 


Jahr. Chem. 1910, «3, II, 42,9; C. A, 1910, 4, ,3138, 31,39; J. S C. I. miO, 
W, 978. For the alkaline saponification of alkylnitrates .see I’. Klason and 
T. Carlson, Her. 1906, 39, 27,92; abst, Jahr Chem 190,9 -1908, II, 289; Chem. 
Centr. 1906, 78, II, 1481; Meyer Jahr. Chem. 1906, 16, 324. 

1901. H 743, 7l4, 783; abst. J! .S. C. I. 
IWl, 20, 932; J. ,Soc. Dyers Col. 1902, 21, 1470, 1.9,Mon. Sci. 1903, 58, 
117; Chem. Centr. 1901, 72, II, 606, 667; Jahr. Chem. 1901, 54, 894; Meyer 

Jal"'- I'llb 2*1 204; Wag. Jahr. 

lUlll T CAI _ r » « ^ 


2. W. Will, Ber. 1891, 24, 400, .3871; abst. Chem. Ztg 1892, 16, 1277; 
Meyer Jahr. Chem. 1891, 1, .333. Sec also Zts physik Xlhem. 189i», 31, 17. 

3. Zts. physik. Chem. 1899, 31, 17; abst. J. C. ,S. 1900, 78, i, 2(K); 
Chem. Centr. 1900, 71, I, 328; Jahr. Chem. Ig99, 52, 143. 
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riliydroxynlutaric, and malonic acids, while tht lillfatc contained 
lydroxypyroraccmic acid. 

In an* inaugural dissAtation cd VV. v. Bonge, published in 
‘.11)4 in Leipaig, the work of lainge and his co-workers has liccn 
niplified, especial attention being directed to the elTect of vary- 
ag amounts, of nitric and sulfuric acids uiion the cellulose, as well 
s the elTect of the water jiresent, and including an attempt to 
.etcrniine the elTect of anhydrous nitric and sulfuric acids on the 
eacting system. A mixture of '.I'.l.T' IlKO, and o H-iS 04 
ras employed, using .suflicieut of eilher/both for nitration so as 
o eliminate/overcome the possible effects of the water formed, 
.'alculaling that by the nitration of .T gm. cellulose, l.(i7 gm. 
vater is formed, there was used 200 1011 gm. mixed acid per .T 
;m. cottoti. 

As it had been noted that strong acid alone will completely 
lissolve cellulose with corres])ouding decomposition and hydrolysis; 
md as conceutfaled nitric acid will produce products of a xyloidin 
lature; this work attcm|)ts to prevent the above decom]iosition 
>f the nitric by the addition of the right amount of sulfuric, and 
;o add sufficient nitric to prevent hydrolysis by the sulfuric; and 
dso to determine the amount of sulfuric acid necessary to add 
;o the nitrating bath to prevent the formation of gelatinous 
products. I'urthennore, it was eudea*'ore(l to ascertain what 
molecular ratio of one acid to the other was neeessary in order to 
produce a cellulose ester at all, and what that minimum percentage 
of nitrogen would be. In endeaxoriug to -icparate cellulose, from 
nitrated cellulose by means of cnprsimmoiiimn solution, he found 
that both were practically ei|ually soluble in this reagent, and that 
tor this purpose it was valueless. He thereupon sejiaraled the un- 
,'hangcd cellulose by dissolving the nitric ester by means of 
sottum alcoholate in acetate solution, which, in 20 111) minutes at 
40°- ,‘)0°, dissolved the ester, leaving the original cellulose behind. 

'I'lie cotton used was rendered absorbent by treatment with 
20'^(, sodium carbonate, and had a constant ash of 0.06%. 
Vacuum nitration (to assist acid penetration) was used, the tem¬ 
perature of reaction being 16° 17»°, the time 1,5-16 hours. The 
ester was dried ip dehydrated air at ffl °, all weighings and storage 
of material being in the dark. The results obtained are shown in 
Tjble CXIII, and are unusually consistent and illuminating. 
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Chemistry of the Cellulose Nitrates. Investigations 1901 - 
1910. 1,. Vignon' has cxperiiiK'iilcd on llii- ri'diu'UdU of iiilro- 

. cidhilosc's by ferrous chloride; two s]ieeiineiis, one iirepared by 
the method of Lunge for obtaining the highest nitration and 
containing 111.8(1'N, the other prejiared liy the author’s method," 
1 Coiiipt rend P.HtO, ISl, .”>011, .'>.'t0. absl J C .S tt)0(). 80, i, 
■YSi). (128: Cheni Cenli IHOO. 71, It, Ml, .S'll, Ctieiii News, 11)00, 82, 100, 
J S C t 10110,19, lOHO, tot.'i, l.dir Clum 1000, 5 J, .81'l, Teih Chem 
Jidir loot), 23, ir,2 Ci)iii|)t rend, 100:i, 136, MS, 80 .s, ')00, ulftt. *hem. 
Centr. tOOti, 74, 1, IIISI, It, 208, J.ihr I'tiein 1002, 56, lOtT, Mevir Jahr 
fliem toon, 13, 241 liull ,S()c Chiiii 1001, 31, III."., absl Jahr Chem. 
tOlH. 57, 1107, Chem. Ceiilr 1001, 75, t, (mI , J E C 1 loot, 23, 202. L. 
Yignon and I Hay, Cninpl rend 1002, 135, ,‘>07, alisl Jahr Chem. 1002, 
55, 80.'); Bull. Soc Chim 1002, 29, .'>07, .Meyei Jahr. Chem. 1002, 13, 245; 
Chem Centr 1002, 74, II, 227, 1004 I. Yisnon .ind h'. Cerm, Compt. 
rend 1001, 133, 1.').'), .">40; abst. J C. S 1001, 82, i. 1)02, Jahr Chem 1001, 
54, 0.il, 0.52; I. S. C. I. 1001, 20, 1244; llnll Soe. Chim 1002, 27, 21, Chem 
Centr 1001, 72, II, 1(114; 1002, 73, I, 4.50. Chem Netvs, 1001, 84, 202. I,. 
Vignon and P. Sisley, Cnmpt rend 1801, 113, 701, absl Chem. Tech. Rep. 
1.801. 30, II, 114), Dent Iml Zig 1801,422 

2. Compt. rend 1.808, 126, 10.58, 127, 872; abst*Rull. Soe (»him. 
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and containing V,iA"/(, N, were reduced by ferreu^ chloride and 
gave oxycellulose as the Jesuit. Direct experiment showed that 
tliis oxycelluJose could not have been fonned by the re-oxidation 
of re<lueed cellulose by nitrogen dioxide or ferric chloride formed 
during the reduction, for when cellulose was lieSted with ferrous 
chloride and nitric acid, no oxycellulose was produced. The 
dilTerence in behavior between cellulose and such polyhydric 
alcohols as mannitol, is thus confirmed. 

1,. Vanino has shown' that if dry guncotton be impregnated 
with sodium peroxide and a few drops of water be then added, 
the guncotton is immediately ignited, but not detonated. Excess 
of water must be. avoided, the reaction being considerably pro¬ 
moted by the addition of formaldehyde to the water. If to 
conunercial formalin a small amount of sodium peroxide be added 
a violent detonation occurs, with destruction of the glass vessel. 
When the peroxide is added in too small amounts, only small 
sparks of llame appear unaccompmiicd by an explosion, or only 
a develo])ment of gas is observed; whereas with larger additions, 
the explosion occurs regularly, accompanied by a dull report. 

In addition to his studies upon the xyloidins (see p. 19(13), 
C. llaussenu.ann has made a serfes of contrilnitions to our knowl¬ 
edge of the cellulose nitrates in which he has found* that upon 
distillation with sodium hydroxide, the aqpeous distillate contains, 
besides ammonia, an alilchydic substance which responds to the 
iodofonn reaction. He has also demonstrated that when nitro¬ 
cellulose is boiled with alkaline hydroxides, a compound boiling 
at ()()° ,S(I° first separates which appears to be an oxitne of an 
aldehyde or ketone.* 

He has shown that the first reaction between cellulose and 
ISOK. 19, .V)7. J. S. C. I. LSUS, 17, 7!)4; 1X09, 18, 81; Chem. Ceiitr. 1898, 
89, II, -122, 1249, Jahr. Chem 1898, 51, 1;178. 

•1 Zls. atiK CJicni ni()2. 15, 129'.l; abst. J. S. C. I 1903, 22, 49r»Chem. 
Centr 199.3, 74, 1, 2().'., Jahr. Chem. 1902, 55, 1055; Tech. Chem. Jahr. 1905, 
26, 107 See also Her. 1901, 34, 1128; abst J -S. C. I. 1901, 20, 747; Chem. 
Tech Refi. 1901, 40, 230| Chem. Ztg. Rep. 1901, 25, 161; Jahr. Chem. 1901, 
54, ,S9(i; Tech Chem Jahr. 1901,24,208. 

2. Her HIO.3, 36, 39.56; 1901, 37, 1624; abst. J. S. C. 1. 1904, 23, 36. 
C hem. Centr. 1901, 75, I, 160, 1405; Jahr. Chem. 19*5, 56, 1017; 1904, 57, 
i 168; Mever Jahr Chem. 1901, M, 370;.Wag. Jahr, 1903, 49, I, 345; 1904, 
50, I, 3,57 * 

3 The portior; TOining over first was treated with potassium carbon¬ 
ate, and the oil which .separated was distilled in vacuo at a temperature 
not rising above 40“ C. In this way a colorless mobile liquid was obtained, 
whiqli yielded iodoform with alltali and iodine dissolved in potassium iodide 
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nitric acid is«an adsorption reaction, such as that described I)y 
E. Knecht* fiho obtained a compound unstal)lc towards water, 
by a short immersion of cotton in ijitric acid of sp. j^r. l llo 
and drying over quicklime. But with longer periods of action 
with acid of this strength and even down to* sp. gr., 
esterification always takes place to a certain exient, the com¬ 
pounds produced being stable towards water. The tc, ency to 
esterification rises rapidly with increase in the conccnii.ition of 
the acid and Irecomes very pronounced with acids of 1.1.')!! sp. gr. 
and upwards. At ordinary temperature, the (piantity of acid 
being 100-200 times that of the cotton, the fibers swell strongly 
in acids of sp. gr. 1.4.50-1.40H, and break down into little par¬ 
ticles, with the production of small (piantities of products soluble 
in the acid but for the most part precipitated on dilution. The 
cellulose nitrates so obtained, after 4S hours’ action, contain no 
more than 6.5%-S% of nitrogen and are insoluble in ether- 
alcohol and acetone. Their microscopic appearance is ])artly 
fibrous •and partly amorphous. Acids of 1.469 1.176 sp. gr. im¬ 
mediately dissolve loose cotton; the products are precipitated by 
water and contain 8%-9% of nitrogen; they are insoluble in the 
usual solvents. These products are amorphous and belong to 
the xyloidin group; denser forms of cotton tissues are not dissolved 
but only parchmentized. Acids of l. l.S-L.oll sp. gr. coin ert cotton 
into the ordinary pyroxylins, containing 9',' 12,.7' ,', of nitrogen 
without alteration of stnicture. More concentrated acids have a 
felting or parchmentizing action, and uniform jiroducts arc not 
obtainable. At higher temperatures, on the water bath, nitric 
acid of 1.45 sp. gr. dissolves the cotton, and the modified nitro¬ 
cellulose may be precipitated by dilution at the right moment; 
prolonged heating produces oxidation and decomposition. Dilute 
nitric acid of 1.3 sp. gr. on the water bath has an oxidizing effect 

solution, but did not reduce ammoniac.il silver nitrate solution. Tin’ res¬ 
idue consisted of a red resinous substance iasoluble m water The distillate 
appears to consist of the oxime-like compound of an aldehyde or ketone; 
it contains 5,4% of nitrogen, .5(1% of earlnm, add 10'i of hy<lrogen. A 
distillate capable of yielding iodoform is obtained from both liijrous and 
amorphous nitrocellulose, and also from other nitrated earlmhydrates c. g., 
nitro-inulin, nitrostarch, nitrolactose and nitroglucose (VV. Will and F, Iwnz, 
Ber. 1898, 31, 68; abst. J, S. C. I. *1898,17, 271), and the nitro-arayloid ob¬ 
tained by G. Lunge and B. Weintraub by allowing nitric acid to drop into 
a solution of cellulose in sulfuric acid (Zts, ang. Chenr, 1899,12, 448; abst, 
J. S. C. I. 1899,18, 705). 

1. Ber. 1904, 37, 539; abst. J. S. C. 1, 1904, 23, .335.^ 
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on cotton, yieldiiif' a j^elatinons oxyccllulosc and soVible products. 
Acid of 1.2 sp, f;r. also disintegrates cotton and yields soluble 
oxidation ])roducts. .\t*t(jc ordinary temperature dilute nitric 
acid has an Itction similar in the main to that of the non-oxidizing 
mineral acids, had produces friable hydroccllulose,, The vapors of 
nitric acid of 1 1 sp yr. also produce hydrocellulosc at the ordinary 
temperature, while those of hifjhly concentrated acids have a 
pronounced esterifyin)^ elTcct. 

Tu a similar niauuer to cotton as stated in the previous para¬ 
graph, C. Ilaeussermami foutid' that sulfite cellulose is converted 
into nitro-componuds, with little alteration of structure, by the 
action of concentrated nitric acid. With acid of sp. gr. 1.41).") the 
prcduct contains 1 1.1' ,' and with acid of sp. I 4S, 0.(1'N after 
11 1 days’ action. With a larne excess of acid, the cellulose is c(.n- 
verted almost comi)lctely into soluble products in the course of 
some mouths, 'I'he lufiias ior with concentrated nitric acid of hvdro- 
celluloses jirepared fn m c(ittou wool and sulfite cellulose, respec¬ 
tively, by the action of cold nitric acid of sp ur. 1.1 fur about 
1 year, was also studird. The Indrocellulose was dissolved only 
very slowly in the cold but very rapidly cn Wiirmiuy with the 
concentrated acid. With acid c4 sp. j^r. 1..'), 1.4,'s.''), l.t.'s, and 1 1, 
in the cold, the cotton hydrocellulosc \ielded products containing 
l.i'i, 9.,')' ,, S.'l', and 2 11', N, respiatively, while the hydrocellu¬ 
lose from .sulfite cellulose, with aciil of sp. 1 19,'), l.i.S, l,4.r>, and 
1.1. yielded products coutaiuiu}; 11.2', (l.fi' ,', and 2 1';' N, 
respectixely. Neither the hii^hly nitrated .sulfite cellulose,''nor 
the hijjhly nitrated hy drocelhtlose, was conrpletelv soluble in 
acetorre. 

Tu respect to the fact previortsU rrrerrtujncd of the existence 
of r'elhrlose rritrates <rf the saute uitrrt^eir cmrterrt which were, 
atrd were rrot dissolvable by ether alcohol, If. Divers” has advarreed 
the trpiiriorr that iir orte case the nraterirrl consisted of a pfbdirct 
.substiurtially the sarrre chemically, whereas in the other, the result 
was prodtreed by rrri.ttrrres of nitrated celluloses of higher and 
lower rtitro"en conterrt, but of rrrean rritro^err percentage erjual 

I Zls arte. Chem lUIU. 23, 1701; lOl.’i, 26, t.'iO, .ilist J .S C. I. 11)10, 
29, Il.->l, loi;), 32, S,S.-), C .V lull,5, tU,'i,1l»i:!.7,;i.s:!0,Hull .Soc Chitn. ion, 
10, Xr, Cherri Ccrrli 1010, 81, It, 12S0, llll.'i, 84, It, 1 LWi; Jalir. Chetn. 1010, 
63, H. W’.-i: Wat; Jahr 101,-i, 59, II, 5-13 

2. J. ,S C I. toot, 23, 297. 
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to the est^ first stated. His rcasoniiij; sounds (juite lofjical. 

IC. Knecht‘ has described a labile (unstable! cellulose nitrate 
obtained by the immersion of cotton y’aru for 2 minutes in nitric 
acid of 1.-I15 sp. gr., washed and dried over t'aO. The jiroduct 
fonned is represented by the mass formula CJIi(i<*);,.llNO.i, fuming 
in moist air, and being at once decomposed by water into llNO.i 
and a cellulose which when air-dry contains 1'more water than 
the original. On heating this nitrate at 100“ in vaenum, nitrous 
vapors arc evolved and oxycellulose remains. If the treated 
yarn is washed with water after being rcnuA'cd from the acid, it 
has lost of its length and acipnrcd the property of mercer¬ 
ized cotton, from which the author deduces that it is ])robably 
cellnlo.se hydrate. 

li. Knccht and .4. l.ipschit/,- find that the nierceri/.ation of 
cotton cellulose by concentrated HNO.i (sj). gr. l.ll.'i) takes place 
in two stages, an unstable nitrate of the approximate formula 
CcIIiuOs.IINOj being formed almost inslantaneonsly and later 
being, transposed to stable nitrates, the N content of which 
increases to a certain maxiiimm and then by continned contact 
with the acid decreases to a negligible quantity. The amount 
of N fixed by the cellulose dejiends on the concentration of acid, 
time of contact, and temperainre of reaction. At K!" a maxinumi 
N content of il.U.'i'.J is reached after .'12 hrs., after which the N 
content steadily decreases to , at the end of ,S months. 

Influence of temperature was studied between - 10° and 00°. 
\ contept increases with temperature up to .‘11° where formation 
of oxycellulose commences, after which it decreases to 0.0(i, at 
01° (0 hrs. immersion). The treatment of cotton with concen¬ 
trated HNOa causes considerable shrinkage (about lO'V) and 
increases the tensile strengtli. The latter effect diminishes as 
period of c'ontact is increased, the cotton being of normal strength 
after 00 min. and having lost "/.i its normal strength after 02 
hrs. Temperature of reaction also affects the strength of the 
product. The nitrated cotton does not differ from ordinary cot¬ 
ton in its behavior toward acetic acid, IICl and H 2 ,S 04 ; it is soluble 



j, 

2 J S C I 1!»I4, 33, no, ahst. C. A HI14. 8, i:i48; Cheni. Zciitr. 
HIM, 85, I, 1557; J. C. S. 1914, MS, i, 5(;0; Zts mig. Clieni. 1914, 27, II, 
567. 
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in 20% NaOH on warming, but on denitration with (NH 4 ) 2 S 
yields a cellulose insoluble in weak or concentrated NaOH. 
With 0.02 N/I, the nitrated,product gives a brown-black color¬ 
ation; with ammoniacal AgN().i, yellow, and with vSdiiff’s re¬ 
agent, a deep red, indicating aldehydic properties. „The Cu num¬ 
ber is Ill to 3.3. Treatment with IINOj as described increa.ses 
the allinity of cotton for all classes of dycstulTs, methylene blue 
forming a striking exception, and in general this affinity is stronger 
than that of cotton mercerized by NaOH. 

B. Ras.sow and W. v. Bonge' have investigated the action 
of acid mixtures, containing varying proportions of 100%, .sulfuric 
acid and 09.7%, nitric acid on cellulose, with a view to obtaining 
a pure nitrocellulose free from a<lmixture with partial decompo¬ 
sition products and containing a high i)ercentage of nitrogen. 
The results of the nitrations and the proportions of acids used 
arc given in the following table: 



Acid Mixture 
T^sed for 5 C?m. 


Solubility 
in Ivtlier- 

Percentage 
Yield of Nitro- 
Prrtdtict 


of Cellulose 

Nitroj;eii 

Alcohol 

IJn- 

Referred 


HjvSO, 

UNO., 

(1 

3 1 

changed 

Cellulose 

to Original 
Cellulose 

1 

300 

30 




Product 

2 

270 

30 




Dissolves 

3 

240 

’M) 




in the Acid 

4 

210 

30 

.'i 111 


37 79 

50 0 




3 IH 

• • • 

27 72 

20 0 

5 

2 r>o 

50 

7 12 

7 19 


27 10 
27 80 

no 0 

0 

280 

70 

11 no 
10 81 

i oi 

0 95 

7 02 

142 4 

7 

300 

100 

VA 20 



105 2 

8 

1,50 

1.50 

13 24 
13 48 

l“70 

0 00 

185 2 

9 

To 

1,50 

13 32 


0 00 

172 1 

10 

7.5 

225 

11 {)A 
11 70 

1.09 

0 00 

109 2 

11 

CO 

240 

13 03 
12 87 

1.10 

0 00 

167.5 

12 

30 

« 

270. 

12 74 
12 93 

4 94 

traces 

151.0 

13 

15 

210 

12 25 
12 09 



175.8 

14 

0 

2.50 

10 98 

11 00 

0 00 

« 

0 00 

150.0 


1. Zts. ang. Chegi 1908. 21, 732; abst. J, S, C. I. 1908, 27, 523; J. 
C. S.jl908, 94, 1, 394; Chem Zentr. 1908, 79, I, 2024; Meyer Jahr. Chem. 
1908, 18, 310; Wag. Jahr. 1908, M, I, 449. . 
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The nftrocellulose was separated from unchanged cellulose 
by means of Tunge and Weintraub’s method. The results 
attained show that, to obtain Tin ester perfectly insoluble 
in water, an acid mixture must lx- used containing for every 7 
parts of sulfuric acid, at least 1 part of nitric acid. The nitro¬ 
cellulose thus prepared, contains 37.7'.)' !. of unchanged cellulose. 
With anhydrous acids, it was found impossible to obtain such 
highly nitrated products as with ordinary commercial acids. 
Nitrocellulose, when prepared with nitrogen pentoxide, is ob¬ 
tained as a gelatinous mass, and is diffietdt to wash. The solu¬ 
bility of the products obtained with anhydrous acids is generally 
small in the usual solvents for nitrocelluloses. 

A. Saposchnikoff' considers the non-homogeneity of nitro¬ 
cellulose to be largely due to the inevitable dilution of the nitra¬ 
tion mixture during the progress of esterification from water lib¬ 
erated in the course of the reaction, the external parts of the mass 
or filaments being more highly nitrated than the inner parts.'* 
He rnaintains that the final degree of nitration is materially influ¬ 
enced by the reversibility of the process. For instance, if the 
nitric acid employed is snfliciently concentrated to form nitric 
esters of cellulose, and if it is in tolerably large excess, then the 
chemical reaction proceeds very rapidly. Thus, with a mixture 
of 23,.Sf!i HNOj, 71..vS'; 1 FS() 4 , and 4.7';,' water at 20°, it was 
found that after two minutes only l.S';,', of the cellulose (cotton) 
remains unattacked, the nitrated portion containing 12.7'^ of 
nitrogen, corresponding to the introduction of ten NOj, whfle 
after 5 minutes 11 NO 3 were introduced. These results, together 
with those obtained with a nitrating mixture composed of 30';,, 
HNO3, C5% H 2 SO 1 , are in accord with those of G. Lunge and 

1. Seventh Int. Cong. Appl Chcni lOOil, IIIH, abst. J. S. C. I. 1909, 
28, 747. J. Russ. Phys Chem. .s'oe, 1909. 41, 17)2; abst J. C. S. 1910, 
88, i, 1,W; J S. C I. 1909, 28, 7-17; C A 1909, 3, 2223 Sec Ztb.«chiess, 
Spreng. 1909, 4, 441; abst Meyer Jahr. Chem. 1909, 19, 303, J. Russ. 
Phys Chem. Soc. 1900, 38, 1 l'J2; abst. J. C. .S. 1907, », i, 390. 

2. The author (Worden) has comminuted purified cellidose (cotton) 
until microscopic examination showed over six million particles )>er gram, 
and nitrated this material at the same time, in similar 'apparatus, and as 
far as possible under identical conditions as to temperature and acid mix¬ 
ture, with samples of the sam€» cellulose not comminuted, and was unable 
to determine by solubility determinations, viscosity or nitrogen percentage, 
that any difference exists as the result of finely dividing cellulose before 
nitration. If the above observations are correct, this would nullify the 
experience of'Saposchnikoff on this point.^ 
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J, Ikbic'.' Ternary inixtnrts of sulfuric and iikrfc acids and 
water were investigated V detemiining the densities, electrical 
conductivities,^ and partial [ffessurcs of the vapors of nitric acid 
in tile inixtiirej.'' Tlie results obtained indicate that in such 
mixtures there occurs a reversible process of the tj'Tre; 

11 N(),.);] I,() + ibso, 

IlNO,,,(ii - v)ll.,() + IbWb, x IM) 
which dehydration of nitric acid reaches a limit with a mixture 
of the composition corresponding with the equation: 

UNO, f albSO, + ill,() = UNO., + .e(H..S04,H,0) 
and further addition of sulfuric acid was found to result in the 
formation of nitric anhydride. The results of these determina¬ 
tions are given in the form of a triangular diagram. 

C. Piest has contributed a series of three articles on the 
chemistry of nitrocellulose as observed from the practical nitra¬ 
tion of cotton, which may be considered as an extension of the 
work of fieri and Klaye (see p. I()(i2) and of Herl (see p, *Ui(i l), 
and in which the nature of the previous treatment of the cellu¬ 
lose was ascertidned as intlueneing the properties of the nitro- 
cellnlo.se resulting therefrom. 'I'lie-lirst ex])erimcnts perhajis have 
their value attennated by the fact that they were laboratory 
results and made on small qtumlitici, but the later work was 
with greater iiuantities. C. Piest* subjected cotton to the fol¬ 
lowing treatments' (I) llleaching for -IS hours in bleaching 

1 J .A t' S mm. 23, ;ihst Zts aiix Clicin 11101. 14, l.S.'l, Cheni 
News. mOI. 84, 20. J S C I moi. 20, 1021. Cheni Ceiitr 10(11, 72, It.. 'it. 
02. 70t. Jalir C'liein 1001, 54, SOU. Meyer JaUr Chem lltOt. 11, :tl0, Wax 
Jahr 1001, 47, i. t'.l.'t See also Zts Sehies.s Spieiix 1000, 1, 2, abst Chem 
Ceiiti 1000. 77, 1. 711, 1007, 78, I, 017, Jahr Chem 100.7 lOOS, II. 07-1, 
W'lrn Jahr 1000, 52, 1, -1X7, C A 1007, 1, 1022 Zts ami Chem 1007, 
20, 202, ions. 19, 20,71 t) (luUm.ui, Chem Ceiitr 1007. 78, 1. 1020 

2 .\ Sa|iosehmkr>lT, J Russ lOiys Chem. .soe 100:1. 35, :10.7. 1008. 
loot. 88, 71,S. ahst Chem Cenir 1001.75,1. 1:122, II, .'iOO, J S C I RtOt, 
23, S07, J C S. loot, 86 , ii. 2,71. 7,78; Hull Soe. Chmi lOOl, 32, ;i02, 100,7, 
34, 17:i. 787, Rep Chmi. lOlW. 4, liSO; 100,7, 5, 40, 14.7, Jahr Chem lOOl, 
57, 401; Meyer Jahr Cheiii. lOOl, 14, 101, Zts physik Chem 1004, 49, 
007, Chem.*Zlx 1004, 28, .10,7, J. Russ Phys. Chem .Soc. 1004, 36,000; abst. 
Chem Ceutr, 1004, 75, II. 0.S7, J S C. I. 1901, 23, 087 See J Russ. Phys 
Chem ScK- 1000, 32,877. 1008, 35, 706; Chem Ceutr 1000, 71, II, 70S, 
1001, II, 1380; J. C. S. 1004, 86, li, 014; Bull ,Soe. Chim. 100.7, 34, ItWS; 
Rep Clnm 1007, 5, 180, Chem Ztg 1004, «, 774. 

3 Zts. aiiK chiun. 1000, 22, 1217; abst. C. A. 1000, 3, 2227; J. S. C 
I. 1000. 28, 740, Bull ,Soe Chim 1000, 6, 1105, Chem. Zentr 1001), 80, II, 
1000, Jahr Chem. 1000, 62, II, 388; Maver Jahr. Chem. 1000,19, 887, Wag. 
Jahr. jOI>.l, 55, I, 4;il. 
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powder sfjjidion of B.; (2) and (2) bloadiiiiR for S days in 
solutions prepared by mixing 2.5 aijd 5 kilos, respectively, of 
bleachinR powder with .5 liters of* water; (4) increerizalion by 
treatment with lS.r//j eanstie soda lye for 21) minutes, (5) healing 
for 10 hours at 15(1'’ C. in a current <4' carbon dioxide.' The 
results obtained showed that with a siven nitralint; acid and tem¬ 
perature of nitration, the nitrocellnlosc prepared from stron^dy 
bleached cotton has a somewhat lower nitroj^en-content and a 
considerably higher solubility in ether-alcohol than that pre¬ 
pared from ordinary cotton. The solubility of the nitro compound 
in absolute alcohol increases as the cotton is more strongly 
bleached. Nitrocellulose from strongly bleached cotton is more 
dilTictdt to stabilize than that from ordinary cotton. 'I'lie .stabil¬ 
ized nitrocelhdose is more sohd)le in ether alcohol than the non- 
stabilized product. Nitrocellulose from mercerized cotton has a 
slightly lower uitrogen-coutent, a much higher solubility in ether- 
alcohol, about the same solubility m ab-.olu(e alcohol, and is more 
diflk'ult to stabilize than that from ordinary cotton. Nitro¬ 
cellulose prepared from cottrai which has been heated in a current 
of carbon dioxide has a slightly higher nitrogen content, about 
the same solubility in absolute alcohol and in ether alcohol, and 
is more (lifl'icult to stabilize tlum tluit from onliuary cotton. 

In a subse(|uent,investigation the action of NaOll, barium 
hydroxide, and ammonium sulfide u])oii the cellulose nitrates 
W'as inquired into.- The method of experiment, in (he case of 
a solution of sodium hydroxide, consisted in allowing 1 gni. of 
the cellulose nitrate to remain in contact, at ordinary temper¬ 
atures, with .50 cc. of A' 2 solution of sodium hydroxide for 
jicriods varying from one to ten rlays. 'flic amount of sodium 
hydroxide remaining at the expiration of the selected period of 
time was determined by titration with A''2 hydrochloric acid. 

1 K Ik-rl, 1) R P Inn.HX.s, I'.IDT, idist. J S. C. I l!)0S, 27, 0.47; 
Cheiii. Zciitr. IDOS. 79, II. -IWi. Clic-m Zlg Kep 54, (1, 4.5.'), Zts. aiig. 
Chem. 1908, 21, 2244 

2 Zts. aiix Chem. 1910, 2J, lOO'.l; al).,t C A 1910, 4, 2.570, J. C. S. 
1910, 98, i, 404; J S C 1. 1910, 29, 841; Hull Six-. Chim 1910, 8, 1.504; 
Chem. Zentr. 1910. 81, .508, Jahr. Chem 1910, 61, It, 423; Meyer Jahr. 
Chem. 1910, 20, 427; Wag J.ih>. 1910, 56, I, 494; Zts. Chem. Iiid Koll. 1911, 
8, 60. See also Zts ang. Chem 1908, 21, 2497, abst. C. A. 1909 , 8, 48.5; 
Bull. Soc. Chim 1909, 6 , 242, Chem. Zentr 1909,'80, I, 471; Jahr. Chem, 
190.5-1908, It, 973; Mover Jahr Chem 1908, 18, 4(l9„Wag. Jahr. 1908. 
54, II, ,468 
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The nitrogen content of the residue remaining after.tMs treatment 
was also determined. The original nitrogen content o‘l the cellu¬ 
lose nitrate made from normally treated cotton was l.'1.10% and 
the solubility m ether-alcohol under lO'X,, The cellulose nitrate 
prepared from highly bleached cotton had a nitrogen content of 
12.71% and a solubility in ether-alcohol of 411.9.3%, while that 
prepared from ifiercerized cotton contained 12.90% of nitrogen 
and had a solubility of 21.84%. Some of the results obtained 
are given in the following table: 

--At|t>coi<s Sodium Hydroxide —--- 

Norintilly Highly 



Treated Cotton 

nieaclu 

•d Cotton 

Mercerized Cotton 



Nilrotfeu 


Nitrogen 


Nitrogen 

i illK' of 


ill 


in 


ill 

kfut'fion 

Uesidiic 

Residue 

Resliliie 

Resitinc 

Residue 

Residue 

Days 

% 

Vg 

% 

% 

% 

% 


04'()4 

1.'1J7 

s’yy 

ll’44 

nolo’ 

i2!5S 

4 

;u 71 

l.'l'lO 

L7S 

9.70 

43'5' 

12!i1 

,'i 

25 25 

12 9(» 





(1 



0.02 

0 

28.12 

12 13 

8 

lion 

12’ns 

1 12 

0 ’ 

io'oG 

1 ryo 

10 

S'7S 

12 25 

0 SO 

0 ' 

i.i'ao 

1120 



. . . . 










Notniiilly 

IliKldy 




Trcatetl Cotton 

iUeitelietl Cotton. 

Mercerizetl Cotton 



Nitrogen 


Niti/)gcn 


Nitrogen 

Time of 


III 


in 



Reaction 

kesiihie 

Residue 

Resitiue 

Re.siduc 



Days 

Vc 

‘v 

% 

',0 » 

% 

% 

1 

<i() 82 

2 70 

50 09 

2 57 

00.14 

2 10 


55.08 

0 50 

10.80 

0 55 

55.27 

0.57 

4 

51 07 

b 

59’55 

0 

52! 55 

trace 

fi 





52! S3 

"6 

7 

40.75 

0 

59,58 

b 

trace 


8 

40 41 

0 

57 07 


52.15 

0 

ib 







Under the 

above 

conditions 

N/2 alcoholic 

solution of 

sodium 


hydroxide completely decomposed celhdosc nitrate in four days, 
leaving only about ()..')' o of residue. After eight days in contact 
with a saturated aqueous solution of barium hydroxide, some 
of reiiduc remained which contained 10.6% of nitrogen. 
When the different cottons used for preparing the cellulose nitrates 
were treated in the same manner, it was found that, at the end 
of ten days’ immersion in N/i sodium hydroxide solution, the 
amounts of residues'were as follows: Normally treated cotton 
(9().97%), strongly bleached cotton (80.90%), and ‘mercerized 
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cotton (98.4%). The results obtained with a solution of am¬ 
monium suffide were also very similar to the above. By the action 
of aqueous N/'I sodium hydroxide w colhxiion cotton containing 
12.36% of nitrogen, it was found, at the expiration of four days’ 
contact, that .30.44% of residue remained, while after eleven 
days only 9.6.3% remained unattacked, and this residue contained 
11.1.5%, of nitrogen. Collodion cotton was found to be com¬ 
pletely denitrated by the ammonium sulfide solution within IS 
hours, with the production of oxycellulose. 

0. Guttmann' in general, has confirmed the observations of 
C. Picst as outlined above. 

Developments in Chemistry of Cellulose Nitrates, 1911-1920. 
On the reputed existence of hydrate of nitrocellulose, 1'. Chan- 
delon* has drawn the conclusion that the increased solubility of 
moist nitrate is not due to the presence of a hydrate, but merely 
to the fact that the water present dilutes the mixture of ether 
and alcohol, for practically the same results arc obtained whether 
a moM nitrocellulose is used, or whether water is previously 
added to the solvent portion. Hence in order to obtain col¬ 
lodions with a constant viscosity at a definite temperature, it is 
essential that the quantities of dry nitrocellulose, solvent and 
water should remain constant. 

A description of experiments made to determine the effect 
of variations in the proportions and comentrations of sulfuric 
and nitric acids in the mixed acid upon the stability of the nitra¬ 
tion products from both cotton and iircjiared w<K)d fiber has 
been made by 11. Tcdesco,’ in which ll.Stb of 92', J, and ll)3’!( , 
and HNO 3 of 86.7'>;, and 97',;, were used iu the proportions of 
1:1, 1:2, and 1:3. With 1 part cellulose to 40 parts mixed 
acid, and 3 hours’ nitration at not to exceed 23 °, followed by cold 


1. Zts. ang. Chem, 1909, 22, 1717, abst. C A 1910, 4, 109, abst. J, 

S. C. I. 1909, 28, 1007; Bull. Soc, Chun 1909. 8, 222, Chem Zciiti* I9(W. 
80, 11, 1285; Jahr. Chem. 1909, 62, II, .'ISb; Meyer Jahr. Chem. 1909, 19, 
335;Wag,Jahr. 1909,55,11,431. , , , ,, 

2. Bull. Soc. Chim. Belg. 1912, 26, 49,"., aim C. A lOl.'l. 7, 1418; J. C, 

S, ----- 

Kunst, 

Chem.^Zmt”w'i’4, 85,T isni; 4, ’ 4 ) 2.">; Meyer Ja*r Chem 

1914, 24, 424; Wag, Jahr. 1914, 60, 1, 3,58; Zts. ang Chem. 1914, 27, II, .5^3. 

3. Zts. Schiess. Spreng 1912, 7, 474; abst. C. A. 1913, 7, 891; J. C. S. 
1913, 104, i, 447; J. S. C, I. 1912, 31, 1202; Chem. Zentr. 1913, 84, I, 894; 
Chem. Ztg. R^. 1913. 37, 386. 


2. Bull. Soc. Chim. Belg. 1012, 26, 49,5, aim C. A I9i.i. I, nm; J. e- 
S. 1913, 104, i, 18- J. S. C. I. 1912,31, 1202: Chem. Zentr. 1013, 84, I, 392 
Kunst. 1913, 3, 09; Zts. ang. Chem. 1913, 28, 1, 268, :hhi Bull Soc. Chim 
Belg. 1914, 28, 13, 24; abst. C. A. 1914 , 8, 1.506; J S C 1. 1914, 33, 222; 
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washing and a hours’ boiling, tlie following results weje obtained: 

1. With cotton a maximum of 12.53% N was dlrtained with 
I part 92';;. HjSO, and 1 part 97',';, UNO.,. Wood cellulose under 
similar treatmeut gave a maximum of 12.73' ;. N. With both 
materials, the rwe of fuming sulfuric acid or of weaker nitric 
acid, as well as of different proportions than those above men¬ 
tioned, gave a lowx’r nitrogen content. 

2 . The stability of the fourteen different products obtained 
from as many different acid mixtures, both from cotton and wood 
cellulose, was determined by the Will test (see p. 2.'!.')0). The 
minimum decomposition was noted when llNO.r ITStb =1:1. 

3. V'acuuni nitration gave higher nitrogen percentages in 
the case of cotton (12.7';} but poor stability both with cotton 
and wood cellulose. 

■1. All the products prepared from wood cellulose gave poor 
stability tests. 

5. The ignition temperature of the nitrocelluloses from cot¬ 
ton were ISI)° 199°; those from wood, |:1S° I."):!”. . 

(i. On simply storing for M days at room tem])eratnre, niiro 
cellulose which had been washed but not boiled was reduced in 
nitrogen iiercentage from 12.21 to 11..")."), while siinil.ir material 
boiled .) hours fell under the same conditions from Pi.."):!', to 
12.1.")'.;. N. 

7. Kxperiinents made to ascertain the action of different 
strengths of sulfuric acid on nitrocellulose showial that by 1 hour’s 
boiling, -10'', IT'SOi gave complete solution, 2(1' ; caused a lo.ss 
of only 0.2:1'; N’, and 10',' a loss of 0.17',' N. All nitrogen 
determinations were made by the Schloesing method. 

I'rom various experiments with nitrocellulose, in the study 
of the decomposition by acids and alkalis, (1. Meissner' deduced 
the following 

The highest degree of nitration is attained by nitrating 
cotton at 20° C. with a mixture of eipial weights of nitric acid 
(sp. gr. l.."i) and sidfuric acid (sj). gr l.S-l). The percentage of 
nitrogen is increased by nitration in vacuo. Prolonging the nitra¬ 
tion beyond two hours lessens the yield. The temperature of 

1 Zts ,Schios,s S|)r™K llll.'t, 8, 2.")2,»2(W: abst C A. 1913, 7, .'tMO; 
J. C. S. 1913, 10«, i. I3I(."), J .S C I 191."), 31, .")?(!; Mon Kci 191,'), 82, 79, 
Chem Zentr 1913, 84, 'll, I2(),S; Meyer lahr Chein 1913, 23, :i()2, Wag 
Jahr. 1913, 59, I, t,'>(i. 
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ignition in nitrocellulose, deterniined l)y heating slowly in an oil 
1)ath a tube corttaining the sample, varies from ISO'’ to lOO” C. 
and is 20°-25'* higher than that found by, dropjhng samples into 
the same tube while cooling, until explosion no longer takes plai-e. 
Nitrocellulose consists of a mixture of cellulose nitrates, of which 
those with less nitrogen dissolve more readily in ether-alcohol, 
any insoluble residue containing more than 12' ,' N. I'ractional 
precipitation of an acetone solution of nitrocellulose bv water 
gives precipitates differing i.nly slightly in nitrogen content 
Nitrocellulose can be boiled for a short time with acids of lim¬ 
ited concentration v\ithout losing weight; the limits depend on 
the nature of the acid and its concentration, being greater for nitric 
than for sulfuric acid, and less for collodion cotton than for gun¬ 
cotton. If these limits ,ire exceeded, loss of weight and of nitrogen 
occurs. It is slated that guncotton, when boiled with nitric acid of 
any concentration up to .'ll)' , leaves a n'sidne containing mil Ic.ss 
than 1111',' N, even when the loss in weight has been ."ill'i. 
Coni])lete decomposition of nitrocellulose with Ol'i'J sulfuric acid 
produces‘nitrogen acids and oxides, sulfur dioxide, carbon di¬ 
oxide, oxalic, tartaric, and fatly acids (but not formic or acetic 
acids). ! tecomiiosilion of nitrocellulose by alkalis iirodnces 
sodium nitrate and nitrile, and organic sodium salts. With 
barvta, some carbonate is formed, .\lcoholic e.instic soda (20' ,') 
produces a paste mass soluble in water, 'I’lie (luantity of nitrate 
formed could not be estimated by the nitron method (this vol , 
p. 07'.)). High results were obtained, and the author sug¬ 
gests that nitron combines with a molecular compound of alcohol 
and caustic soda, C-iHsOlbNal)I1. Nilroglyceiol is saiionilied 
more rapidly than nitrocellulose. ,Sulfur dioxhle passed through 
a susiJcnsion of nitrocellulose in hot, air free water is partially 
oxidizetl to sulfuric acid. Nitrocellulose dissolves in phenylhy- 
drazine with evolution of gas and formation of a gelatinous reddijh 
brown substance. 

A. .Angcli* has found that nitrocelhilose in the form of col¬ 
lodion cotton or guncotton is easily gelatinized by pyridine, a 
large proportion of the latter yielding dense liquids which have 
the appearance of collodion, and gradually diminish in viscosity 

I Atti accact. kiticei, 1019, 29, I, 20, abst J C S 1010, 119, i, lOfi, 
C. A. 1919, 13, 331«, J. S C I 1910, 38, 38.5-.A Gazz chim ilal 1919, 
49, 1, 159, abst Chem Zentr 1919, 90, III, 7,54 
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until, after a few days at the ordinary temperature, they resemble 
in this respect the pure pyridine; this phenomefite serving to ' 
detect imaltered cellule^ in the presence of the nitric ester. 
Treatment of the collodiob cotton with only sufficient pyridine 
to moisten, yjplds a semi-solid, transparent mass with the appear¬ 
ance of caoutchouc, this also becoming continflally more fluid 
until it is able to pass through the filter paper. 

The yellow liquid thus formed smells strongly of pyridine, and 
with water gives an almost white mass, of resinous appearance, 
and which retains pyridine tenaciously. When freed from the 
latter by means of alcohol and dilute sulfuric acid, re-precipitated, 
washed, and dried over HzSOi, a white, amorphdus powder re¬ 
sults, easily soluble in acetone and to a less extent in ethyl alco¬ 
hol ; almost insoluble in ether and benzene. Yield about 80% of 
the collodion used. The compound contains 9%-10% N, resem¬ 
bling the product obtained by E. Berl and A. Podor.‘ 

In a .study of nitrocellulose reported upon by R. Namias,* 
and the influence of prolonged bleaching upon its transformation 
into dinitrocellulose, 5 gm. of cotton of the best quality were 
treated in 200 gm. of a bath containing 60% of sulfuric acid, 
24% of nitric acid, and 10% of water, for periods of 2, 4, 12 and 
24 hours at 18° C. The nitrogen content of the four products 
was practically identical, viz., 11.80% to 11.92%, and all were 
completely soluble in ether-alcohol, yhe fiber is appreciably 
weakened if nitration is continued much beyond two hours, or 
if higher temperatures are employed, and the nitrocellulose is 
less suitable for making collodion, or for coating incandescent 
mantles, etc. All the samples burned instantaneously without 
leaving a residue. Cotton which had received excessive chlorine 
treatment showed no difference under the microscope and gave 
no evidence of tendering, but when nitrated under the same con- 
di^ons, the percentage of nitrogen in the products varied ^from 
9.80% to 10.37%, and the solubility in ether-alcohol was incom- 

1. .Zts. Schiess. Spreng. 1910, S, 313; Wag. Jahr, 1910, 56, II. 440; 

J. S. C. I. 1910, 29, 1083. Zts. Schiess. Spreng. 1910, S, 254, 289; Chem.' 
Zentr. 1910, 81, II, 874; Jahr. Chem. 1910, 68, II, 424; J. C. S. 1911, 108, 
i, 264. Zts. Schiess. Spreng. 1910, 5, 296; Chem. Zentr. 1910, U, II, 1039; 
Jahr. Chem. 1910, 63, II, 425; C. A. 1910, 4, 3138, 3139; J. S. C. I. 1910, 
29,978. ‘ 

2. Mon. Sci. 1918, 85, 5; abst. C. A. 1918, 12, 996; J. S. C. I. 1918, 
57, 167-Ai Chem. Zentr. 1918, 89, 1,974. 
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plete. A resjpue was left on burning, indicating the presence 
of unnitrated cotton. The author suggests that this may be due 
to the presence of oxycellulose in the over-bleached cotton. 

According to A. Herve,* the stability of nitrocellulose is 
considerably affected by the value of the ratio H 2 fi 04 /HN 0 j. 
By varying this ratio frem 1:1 up to 5:1 the amount of fixed 
H2S04 in the nitrccellulcse increases frem ().(!,'■.()5‘% to l.SCO^. 
The stability (Abel test) of the nitrccellukie after fcciling S 
hours with HsO varied inversely with the ameunt of H. 4 S 04 in 
the nitrating mixture. Nitrccellulcse can Le stabiliyed by boil¬ 
ing with HjSOi and HCl (^. 2 % to 1), followed b.y boiling with 
a dilute alkali. The saponification of the impurities is, 1 owever, 
slow. More satisfactory results are obtained by boiling the 
nitrocellulose with 0.1% to 1% of its weight of MgCb for 12 
hours. Nitrocellulose so stabilized with MgCb gave a test of 
over 60 min. (Abel). 

Comjmrative nitrations of cotton showed definitely that as 
the percentage of water in the nitrating mixture is increased, the 
percentage of nitrogen in the pyroxylin diminishes, while a varia¬ 
tion in the percentage of nitric acid in the nitrating mixture, 
within fairly wide limits, had very little infiuence on the per¬ 
centage of nitrogen in the product, and the effect was not regular.* 

On comparing the composition of the baths before and after 
nitration, it was found that the quantity of nitric acid removed 
was always slightly greater than the equivalent of the percentage 
fixed in the nitrocellulose. It is concluded that, although in the 
manufacture of soluble pyroxylin the effect of small variations 
in the percentage of nitrogen is not of vital importance, in the 
manufacture of guncotton such variations have a very consider¬ 
able influence on the ballistic power, and the control of the per¬ 
centage of water in the nitrating mixture requires the most urgent 
attention. The regeneration of old nitrating batlis by the addi¬ 
tion of sulfuric and nitric acids is performed pn the basis of anal¬ 
yses of samples taken from large reservoirs which in the acids 
are mixed by the agitation of compressed air. Analyses have 


1. Moa. 8ci. 1918, M, 193; absf. C. A. 1910, U, 186; J. S. C. I. 1918, 
S7, 718-A; Ann. Rep. Chem. Ind. 1919, 4, 542; Chem. Zentr. 1919, 90, 
II, 297. 

t 2. Mob. Sd. 1918, IS, 241; abst. C. A. 1919, IS, 516; J. S. C. I. 1919, 
% 5B-A; Ann. Rep. Sac. Chem. Ind. 1919, 4, 540, 543; Chem. Zentr. 1919. 
M n. 699. 
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shown, however, that homogeneity in composiiio® is not always 
easily obtained by this method of mixing, even when agitation 
is prolonged for several hours, and substantial variations have 
been foundnn the percentage of nitrogen, in the nitrated cotton 
produced with acid taken from different parts of the tank. The 
author has made a careful examination of Crum’s method for 
the determination of nitrogen in nitrocclluloses, using the Lunge 
nitrometer. To obtain consistent results it is absolutely neces¬ 
sary to verify that the reaction with the mercury has been com¬ 
plete, by shaking again after the volume has been accurately 
read off. Generally, two vigorous shakings are sufficient, and 
there is no alteration in volume after a third,' but if a change is 
noted the operation must be repeated until the result is constant. 
One of the principal causes of divergent results is inattention to 
the solubility of nitric oxide in sulfuric acid. This gas is only 
insoluble in sulfuric acid of 85/(i concentration; its solubility in 
stronger acid becomes very sensitive and reaches 0.0^5 cc. per 
cc. of acid in the case of 94% sulfuric acid. It is possible to 
arrange matters so that the acid in the tube after dissolving the 
nitrocellulose in 96% acid, has affinal concentration of 85%. 

Theory of Nitration. The entire theory and practice of 
the esterification of the carbohydrates rests at the present time 
upon an empirical basis and upon a ♦.series of assumptions and 
predications, and notwithstanding the multiplicity of investiga¬ 
tions by chemists and physicists of keen discernment and inde¬ 
fatigable perseverance, no satisfactory general theory connecting 
the composition of the mixed acids, temperature fluctuations and 
degree of nitration with chemical constitution of the esters formed, 
has as yet been enunciated. 

Some of the difficulties in the way of elucidating such a gen- 
(R'alization are as follows: 

1. The absolute molecular weights of cellulose and the in¬ 
organic and organic esters derived therefrom are at present un- 
jenown, and so far as the discernment of the author is a criterion, 
the indications are non-existent that the solution of this problem 
lies in the immediate future. « 

2. No form or tj^pe of cellulose, or of a cellulose ester or 
ether as a chemical individual has as yet been synthesized and 
the results reported upon, due to the fact tliat in the normal 
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nitration or ecetylation process the increment of acid (in ester 
formation) and of alkyl (in ether formation) in the cellulose 
aggregate is progressive and by indefinite and indistinguishable 
stages, so that a series of esters and ethers results, in all prob¬ 
ability admixed with relatively small amounts of degraded cellu¬ 
loses, as indicated by viscosity determinations. 

3. Until the inner mechanics of cellulose orientation have 
been analytically determined, the spacial arrangements and con¬ 
figuration of the groups constituting the corresponding esters 
must remain in doubt, 

4. Therefore so far as the normal process of esterification is 
concerned, the preponderance of dependable testimony at the 
present time is to the effect that a series of nitrates always re¬ 
sults, being inseparably admixed with products resulting from a 
depolymerization of the cellulose complex incident to treatment 
with the constituents of the esterizing bath. 

5. The laws of mass action, as comprehended by our present 
conception, cannot be applied to the system of acid mixture and 
cellulose nitrate, on account of the entire absence of homogeneity. 

6. No cellulose nitrate or other un-degraded or unchanged 
cellulose compound has as yet been prepared pure in a crystalline 
state, nor has such a product been prepared whicli may be puri¬ 
fied by distillation, sublimation or otherwise completely isolated, 

7. It as yet has been impossible to place cellulose in solu¬ 
tion in any manner, and recover from the solution by fractional 
precipitation or otherwise, a cellulose which has not been affected 
by the treatment. 

8. No one has as yet propoimded a law or generalization of 

the relationship between solubility, viscosity, stability and nitro¬ 
gen content, which did not reveal glaring inconsistencies, and 
the researches on this phase of the .subject have been most nu¬ 
merous, and have involved the expenditure of a tremendous amount 
of mental energy and patience. . , 

9. And finally, the complexity of the reacting mass and the 
fact that its composition is constantly changing due to the in¬ 
crement of water from the normal esterification process; the use 
of a cellulose which in its natural state admittedly contains im¬ 
purities, or if ^ attempt has been made to remove them th e cellu 
lose has surely been changed irrespective of how careful fhe 
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purification treatment may have been conducted* and bearing 
in mind that in addition to cellulose, acids, water, nitrated cellu¬ 
lose, nitrated, reduced ancf oxidized products other than cellulose, 
and perhaps the esters of these bodies, together with sulfonic and 
nitrosulfonic acid esters, only complicates the sufiject. 

Inasmuclj as the usual expedients of purification and elimina¬ 
tion preceding a general examination and isolation have as yet to be 
overcome with this class of esters and the parent products from 
which they are derived, it must be obvious to the unbiased, non- 
speculative, reflective mind conversant with this subject and cog¬ 
nizant of the difficulties embraced therein, that the sum total of 
contributions of those who have lived and worked and gave, con¬ 
stitute but the denting or etching of the periphery of a vast 
sphere whose potentialities are practically limitless. Such, at 
least, are the views of the author. 

A. Saposchnikoff' (see p. 1403) has shown that on continually 
adding sulfuric acid to nitric acid of a definite strength t^e vapor 
pressure of the HNO 3 continually increases and reaches a 
maximum at a point corresponding to a system HNO 3 -f 
niHjSOi.HjO). At this point the partial pressme of the HNO 3 
is identical witli that of anhydrous acid mixed with the same 
proportion of pure HjSOt. There is aii intimate relation^ between 
the vapor pressure of nitric acid in its mixtures with sulfiuic 
acid and the nitrating capacity of such mixtures. The nitric 
acid used was of 1.52, 1.48 and 1.4 sp. gr.; the H 3 S 04 used 1.84 
sp. gr. and one part cellulose for 100 parts of nitrating mixture. 
The resulting nitrocellulose was examined with regard, to the 
amount of nitrogen it contained and to its solubility in ether- 
alcohol. The results represented by curves and tables were as 
follows: Nitric acid alone, sp. gr. 1.52, gives a' nitrocellulose 
containing 12.00% N. Addition of 10% HjSOi raises thn per- 


1 . J. Russ. Phys. Chem. Soc. 1906, 3S, 1192; abst. C. A. 1907,1, 1324; 
J. C. S. 1907, 92, i, 390;.Chem. Zentr. 1907, 78, I, 1185; Jahr. Chem. 1905- 
1908, 11, 077; Seventh Int. Cong. Appl. Chem. 1909, III; abst. C. A. 1909, 
I, 2223; J. S. C. I. 1909, 28, 747; Meyer Jahr. Chem. 1909, 18, 333; Wag. 
lahr. 1909, SS, I, 434; Zts. Schiess. Spreng. 1909, 4, 441,462; J. Russ. Phys. 
Chem. Soc. 1914, 48, 1102; abst. C. A. 1916, 9, lOOO; J. S. C. I. 1916, 34, 789, 

2. A. Saposchnikoff, J. Russ. Phjti. Chem. Soc. 1904, 36, 889; abst. 
Chem. Centr. 1904, 75, 11, 685; J. S. C. 1.1904, 23, 935. See J. Russ. Phys. 
Chem^^. 1900, 32, 375; 1903, 35, 506; Chem. Centr. 1900, ft, II, 708; 
1901, 72, II, 1330; J. C. S. 1904, 88, il, 614; BuU. Soc. Chini. 1906, 34, 1068; 
Re^. Chim. I 9 O 4 5, 186; Chem. Ztg. 1904, 28, 674. 
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centage of N in the product to 13.35%. This is due to the re¬ 
moval of sofSe of the higher oxides of nitrogen by the sulfuric 
acid which converts them into non-vqlatile products and thus 
raises the vapor pressure of the HND, itself. Further addition 
of H:S 04 up to 80% has no effect upon tlie nitratjon, giving one 
and the same insoluble nitrocellulose with 13.2%-13.30% N. 
When tlie amount of H!S 04 reaches 80% the product contains 
12.94% N. With a still higher percentage of H 2 SO 4 nitration 
becomes impossible. In a mixture of 10 parts HNO,? and 20 
parts HjS 04 the cotton dissolves without residue and no appre¬ 
ciable amount of solid product can be obtained even after pour¬ 
ing the solution into cold water. Nitric acid, sp. gr. 1.48, used 
alone gives a product containing 9.05% N, while an acid of 1.4 
has a very low,nitrating power giving a product with only 1.4% 
N. The addition of H 2 SO 4 to either of these acids quickly raises 
their nitrating capacity at the same time as through the absorp¬ 
tion of H 2 O by the H 2 SO 4 the partial vapor pressure of the HNOa 
increases. When tlie maximum vapor pressure is reached the 
insoluble nitrocellulose contains the maximum amount of N 
13.2%-13.4%. After reaching the maximum amount of N the 
product remains constant though the vapor pressure of the HNOj 
gradually diminishes through further addition of H 2 S 04 . Only 
when the amount of H 2 SO 4 reaches 80% the nitration begins to 
fall. This shows that tjie degree of nitration depends only upon 
the strength of the HNOa present in the mixture, not upon its 
relative amount. Changes in the temperature of the nitrating 
mixture have no effect upon the maximum of nitration. With 
a mixture containing 34% HNO 3 , 61% H 2 SO 4 and 5% H 2 O the 
amount of N in the product varied only between 13.1% and 
13.33% while the temperature was made to vary between -1-40° 
and —18°. Contrary to the results of Lunge and Bebie (see p. 
1656) the author has never obtained a nitrocellulose contaiging 
more than 13.4% N under the conditions described above. The 
formation of more highly nitrated products^ in Lunge and Bebie’s 
e:q)eriments was possibly due to their acid mixture having con¬ 
tained a larger percentage of water. The influence of water is 
twofold: it prevents the conyersion of HNO 2 into N 204 by the 
H1SO4 tmd furnishes a pjfroxylin less liable to decomposition and 
loss of N during the thorough washing with water. The author 
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is experimenting with various mixtures of the acids and water 
with a view to establishing whether the highest limJl to nitration 
is represented by C 2 <Hi 8 (f^ 03 )i 30 ». When nitric acid of various 
strengths is ysed alone thd product contains 12.65% N corre¬ 
sponding approximately to C 24 H 3 o(N 03 )ioOio when the acid is of 
sp. gr. 1..502; with the lowering of the strength bf the acid the 
nitration falls _very quickly reaching the lowest limit when 
there is 22.72% HjO in the acid. The product then corresponds 
to C24H36(N03)40 i6 . With still weaker acids most of the cotton 
remains unaffected. The highest nitrating capacity is therefore 
possessed by anhydrous HNO3 and the lowest by an acid corre¬ 
sponding to HNO3.H2O, or H3NO4 (orthonitric acid). As to the 
formation of intermediate stages of nitration we must either make 
the improbable assixmption that there are several .other hydrates 
of HNO3 or suppose that the cotton itself has a tendency to form 
nitrates which depends upon the strength of the acid. 

11. Martinsen' has shown by experiments with nitrobenzene 
that nitration in presence of concentrated sulfuric acid is a reac¬ 
tion of the second order, the velocity being proportionarto the 
concentration of the nitric acid and of the substance which is 
being nitrated. In the present investigation the reaction was 
studied more closely with O-chlofbnitrobenzene and 4.6-dinitro- 
m-xylene, the nitration of which proceeds much more slowly than 
that of nitrobenzene. Experiments wer§ also made with other 
substituted benzene derivatives. In one series the nitration was 
carried out in presence of 95% sulfuric acid (sp. gr. 1.839 at 
15°/4‘’ C.), and in a second series, in presence of monohydrate 
sulfuric acid (H2SO4). In all cases the rate of nitration was 
greater with the 95% acid, and the benzene derivatives studied 
can be divided into two groups, according to the difference in 
the rates of nitration in the two media. In the case of substances 


of t|}e first group, comprizing alkyl, halogen, nitro, hydroxy,,and 
hydroxy-alkyl derivatives, of benzene, the ratio between the rate 
of nitration in presence of 95% sulfuric acid to that in presence 
of monofiydrate sulfuric acid is about 3, but for substances of 
the second group, viz., carboxy and sulfonic derivatives of ben¬ 


zene, this ratio is much greater. Fof substances of the first group, 
1. Zts. physik. Chem. 1905, SO, 386; 1907, 58, 605; abst. I. S. C. I. 
1908, J7, 139; Chem. Zentr. 1907, 78, II, 1496; C. A. 1907, 1, 2763; I. C. S. 
1905, 88, li, 149; 1907, 92, ii, 609; Meyer Jahr. Chem. 1907, JT, 42, 163. 
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the rate of nitration increases threefold for a rise of temperature 
of 10° C. ^25°-35°). Addition of phosphoric anhydride to the 
95% sulfuric acid has no influence on,the rate of nitration. In 
the case of nitrobenzene, the rate of hitration falls regularly with 
a decrease in the water-content of the sulfuric acid between the 
limits HjSO^O.SHjO to H 2 SO 40 . 4 SO. 1 . The influence of various 
substituent groups on nitration may be expressed as follows: 

NO2 > SO3H > COOH > Cl < CHa < OCH3 < OC2H5 < OH 
The introduction of chlorine into the molecule sometimes accelerates 
and sometimes retards nitration. Of the other groups, that fur¬ 
thest to the left from chlorine retards the reaction most strongly, 
while that furthest to the right has the greatest accelerating action. 
It will be noted that compounds containing groups which have a 
retarding effect generally yield m-nitro-derivatives, while those 
containing groups which have an accelerating action yield mostly 
0 - and p-nitro-derivatives. 

C. Kullgren' has reached the conclusion that the nitric acid 
is onl )4 Capable of nitrating when present as the compound IINOa 
and not as hydrate, the part played by the added sixlfuric acid 
being to set free nitric acid from the hydrate. The nitric acid 
may be present as monohydrate in the acid mixture with even 
weak acid provided enough sulfuric acid is present. It was 
found in practice that about 3 times the amount of sulfuric acid 
over the nitric acid must be employed to effect a high degree of 
nitration, even with a relatively high water content. A. Saposch- 
nikoff* has claimed the above ideas as his own. 

According to E. Justin-Mullcr’ two points militate against 
the conception of cellulose nitrate, as an ester of nitric acid, one 
being the uncertainty as to whether celhdosc possesses the char¬ 
acteristics of an alcohol, and the other the colloidal nature of 


1. Zts. Schiess. Spreng. 1908, 3, 146; aJ>st Wag Jahr 54, I, 442; 

Jahr. Chem. 190!)-1908, II, 974; Chem Zentr. I99.S, 79, I. 2024; I.tC. S. 
1908, 94, i, 768; C. A. 1908, 2, 3149; Meyer Jahr Chem 1908, 19, .SIO See 
F. Kuster and R. Kremann. Zts anorg. Chem 1901, 41, 1 11 Erdmann, 

Zts. anorg. Chem. 1902, 32, 431. • , 

2. Zts. Schiess Spreng. 1908, 3, 201; ab,t C A. 190.), 3, .83;); Che'm 

Zentr. 1908, 79, II, 231; Meyer Jahr. Chem, 1908.19, 310, Wag. Jahr 1008. 
54, I, 442. See also C. Kullgren, Zts. Schiess. .Spreng. 1908, 3, 146; abst. 
C. A. 1908,2,3146. ^ „ 

3. Rep, Chim. Pure Appl. ft07,10,263; abst. Chem. Zentr. 1907, 79, 
11, 796; Jahr. Chem. 1905-1908, II, 973. Zts. Chem, Ind Koll 2, 49; abst. 
Meyer Jahr. Chem. 1907,17,309; Zts. Schiess. Spreng. 1908, 3,415. 
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cellulose and the fact that it can combine with varying amounts 
of nitric acid according to conditions. This autHo/ liolds that 
the latter points to the assumption that the nitrocelluloses are 
absorption coippounds/ and* that the action of nitric add on 
cellulose procee<Js in two phases as follows: 

1. 8 HNO 3 + ^HjSO, —> 4 N 2 O 6 + 4 H 2 O 

2 . 2C12H30OM "f" ^H 2 S 04 4 " 4N2OB —► 

C24H32(N20b)40ij + 4H20 

The sulfuric add first acts as a dehydrating agent on the 
nitric acid, the NbOb thus formed replacing the H 2 O in the cellu¬ 
lose molecule in the form of an absorption compound. He recom¬ 
mends the designation nitrocellulose for the absorbed portion. 

A. Mfiller’ has replied to the above, and shows from the 
results of Vieille’ that they arc not all analogous to absorption 
compounds. It usually follows in the absorption of a dissolved 
body by another substance, the less the concentration of the 
dissolved substance, the greater the relative amount absorbed. 
The reverse of the above, however, is true in the nitration of 
cellulose. Vieille has attempted to show that with increasing 
concentration of nitration, the nitration advances, not gradually 
as it should in an absorption process, but by definite steps indi¬ 
cating compounds. To this assertion, E. Worden takes excep¬ 
tion. Moreover, absorption processes are reversible, or if the 
concentration of the absorbed phase be diminished, some of the 
already absorbed substance will be again eliminated. Following 
out this line of reasoning, nitrocellulose in contact with water 
should give off nitric acid, even if the sulfuric acid present during 
qitration does aid that process by its* dehydrating action as 
claimed by Mtiller. This, however, never occurs. 

C. Haeussermann* is in agreement with J. Nef,‘ that the 

1. P. Zacharias, Zts. Farben. Text. Chem. 2, 233; abst. Chem. Centr. 
1903, II, 267; Meyer Jahr. Chem. 1903, U, 620; 1907, 17, 309; JAr. 
Chem. 1903, 5S, 1553; Wag. Jahr. 1903, 49, II. 521. 

2. Zts. Chem. Ind. Roll. 1907, 2, 173; abst. Meyer Jahr. Chem. 1907, 
17, 309; Chept. Zcntr. 1908..79,1. 239; C. A. 1908, 2, 1046. 

3. Compt. rend. 1882, K, 132; Mem. des poudres et salpetres, 1884- 
1889, 2, 217; abst. Proc. U. S. Nav. Inst. 1882, 8, 668; Chem. Ind. 1882, S, 
349; Chem. Tech. Rep. 1882, 21, II, 176; Chem. News, 1882, 48, 66; J. C. S. 
1882, 42, 1184; Dingl. Poly. 1882, 248, 540; Chejn. Centr. 1882, U, 632; Bull. 
Soc. Chlm. 1883, 19, 627; J. S. C. I. 1882, ^TSlO; Jahr, Chem, 1882, M, 1187. 
See also Rev. Sci. 1882, 30, 156. Arms Expl. 1898, 8, 76; 1901, 9, 175. 

4. Zts. Schiess. Sprang. 1908, 1, 121; abst. Wag. Jahr. lOlB, 94, I 
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fonnation»of the cellulose nitrates proceeds according to the law 
that when two substances react together, an addition product 
is first formed, and that, therefore, the esterification of cellulose 
proceeds in two distinctly discernible phases. •They are not in 
accord as to whether the cellulose takes up the nitric acid in the 
first phase or whether the capacity of the entering oxygen exerts 
itself as quadri-valent, as well as the question of the actual or 
intimate constitutional knowledge of the cellulose nitrate con¬ 
figuration. 

As a summation of the results which have been put forward, 
inasmuch as the cellulose molecule appears to be an aggregate 
in which, according to the amount of nitric acid introduced, 
higher or lower nitrated products result, the rational and logical 
viewpoint to take appears to be no other than that the change 
in composition goes on without a break pro\ddcd the conditions 
are suitable, or if the esterification does take place in gradations, 
the methods of separation and identification of the products 
formed are not sufficiently accurate or comprehensive to admit 
of determining these steps with any degree of certainty. This 
hypothesis appears to the author as the only satisfactory explana¬ 
tion of the various anomalies observed and recorded by investi¬ 
gators of irreproachable integrity, not only in the nitration of 
cellulose, but also in t!ie acetation as well. The author suggests 
a fruitful method of attacking this problem is the fractional pre¬ 
cipitation of commercial nitrates in solution, in a manner some¬ 
what similar to the purification and separation of inorganic salts 
by repeated crystallizations, either by deposition from saturated 
solutions (an impossibility with the cellulose esters), or by pre¬ 
cipitation by adding to a solution, gradually increasing amounts 
of a non-solvent or non-solvent combination. 

Considerable experimental proof has been adduced itf sup¬ 
port of the contention that the mixture of sulfuric and nitric 
acids results in the first instance in an attack on the*cotton by 
the sulfuric acid analogous to that which goes on in the forma- 

441; C. A. 1908, 3, 3146; J. C. S. 1908, 94, i, 768; Chem. Zentr. 1908, 71, 
II, 2m; Wag. Jahr. 1908, 54, 1,%41. „ 

5. J. A. C. S. 1904, 29, 1549; J. C. S. 1905, 98, i, 109; Chem. Centr. 
1905, TS, I, 337; Meyer Jahr. Chem. 1904, 14, 808. See also D. R, P. 72960, 
aSstA. Mon. Soi. 1894, 44, 65; Ber. 1804, 27, 324; Zts. ang. Chem. 1804, 17, 
871. 
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tion of vegetable parchment, and tliat the nitric acid subsequently 
replaces the stilfurie acid' itj the reacting cellulose. It appears 
as a fact, however, that in the quartenary system, cellulose, 
sulfuric acid, nttric acid and water, each endeavors to carry out 
its characteristic function, the sulfuric acid to dissolve (the cellu¬ 
lose), the nitric acid to combine to esters, and the water to hydrate 
or hydrolyze, depending on the amount present in the system. 

Nomenclature of the Cellulose Nitrates. As would natu¬ 
rally be inferred, there is no clear-cut or definite classification pos¬ 
sible of the unknown gradations of nitrogen content in the nitration 
of cellulosic bodies, it being recognized in a rather loose manner 
that, in the technique of cellulose nitration, the highest forms of 
I cellulose nitrates are the guncottons, esters insoluble in alcohol- 
ether mixtures or substantially so, but practically completely 
soluble in acetone. 

As has been mentioned, variation in the esterification fac- 
,tors of acid conceqtration, temperature and length of immersion 
of the cellulose in the nitrating bath, give rise to a series of esters, 
■often analytically indistinguishable, but readily differentiated in 
an approximate manner by solubility separations, and in which 
the nitrogen content is not indicative of the solubility, viscosity 
or tensile .strength of the ester. Therefore, a rational classifica¬ 
tion at the present time is impossible. • 

1. Guncottons. In general, however, guncotton is the name 
applied to tlie highest forms of cellulose nitration—products con¬ 
taining nitrogen in excess of 13%, practically insoluble in ether- 
alcohol, soluble in acetone or in ethyl acetate, and but partially 
soluble in amyl acetate; not used in the peaceful arts. Such loose 
designations as "cellulose of high nitration” are of indefinite 
characterization and only lead to confusion. 

‘2. Pyrocollodions. In the descending scale of nitrogen •con¬ 
tent from the guncotton of maximum nitration, are the pyro¬ 
collodions, products esntaining 12.6%-12.8% N, soluble 99%- 
99.5% in ether-alcohol, and produced in the United States and 
elsewhere as a shoulder arms powder mixed with a small amount 
of graphite. Soluble in ethyl acetate, acetone, diacetone alcohol 
and amyl acetate. Those nations whose official smokeless pow¬ 
der is gelatinized by ether-alcohol, manufacture a ce4ulose nitrate 
comprehended in the above, the nitrogen fluctuating within the 
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limits 12;|5*%-12.9%, usually as near to 12.7% as practicable. 

3. Pyroxylins. The manufacture of pyroxylin lacquers, 
bronzing liquids, and nitrocellulose solutions intended for the 
protection of metal or wood, and less often foi; impregnation, a 
12 % medium flow pyroxylin is employed, readily soluble in ethyl 
or amyl acetates, acetone, methyl ethyl ketone, diacctonc alco¬ 
hol, and solutions of this class of nitrated cellulose are miscible 
with large amounts of non-.solvcnts benzene or benzine without 
precipitation, but with considerable reduction in cost. From 
ll..5%-12% N are included the class of “pyroxylins”—loosely 
defined and with no clear-cut lines of analytical demarcation, but 
including the nitrocelluloses employed in artificial leather, lac¬ 
quers, waterprewfing solutions, bronzing liquids, nitro-artificial 
filaments, and the enameling and coating of hides and splits. 
The pyroxylins are produced in an endless number of “grades” 
for specific purposes, where the solubility, “flow,” adhesion, 
ability ”'’x with oils, tensile strength and other factors, arc 
modified and manipulated in the process of nitration, without at 
the same time varying but little the nitrogen content of the finished 
product. It is here, in the variation of the nitric or sulfuric acid 
in the nitrating bath by a fraction of 1%, by an adjustment of 
temperature and speed of nitration to the production of a nitrated 
product of pre-determined physical constants, that the nitration 
of cellulose rises to an art. And the technically useful nitrated 
celluloses are comprehended in the above “pyroxylin” classification. 

4. Collodions. Next lower in nitrogen percentage that is sus¬ 
ceptible to a definite classification, arc the “collodions,”* contain¬ 
ing 11.5%-12.5% N, soluble in ether-alcohol and the solvents 
above mentioned, soluble in wood alcohol or gelatinized by it, 
either dissolving partially or intumeseing in ethyl alcohol. The 

1. According to J. ,S. C. I. 1901. 20, (iOO. collorlion cotton has Ijecn de - 
fined, for the Explosive Substance Act of 1S75, as follows: consisU of s 
thoroughly purified cotton a of which not less than 1.1% is soluble in ethe r 
and alcohol, and b. which contains not more thaji 12.3% of nitr^cu. Where 
this substance is “used or manufactured with a view to produce a practical 
effect by explosion" it is l>y vSection 3 of that act an explosive in any form. 
But in cases where it is not intended to be used by itself as an exolosive, it is 
not regarded as coming within the meaning of the act when it is (a) in solution 
in alcohol and ether, (b) wet. A (c) saturated in methylated spirit and con¬ 
tained in airtight cases. * 

In such circumstances it will not be considered as 'Mangerous goods 
within the meaning of Section 446 of the Merchants Shipping Act, 1894. 
It is however regarded as an explosive when dry. 
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cellulose nitrates used in pharmacy, the celloidins,alid ^^otoxylins 
employed in histological teqhnique for imbedding, and often the 
photographic nitrocelluloses, dre best classified under the above 
designation.. ^ 

5. Celluloids. The thermoplastic pyroxylins/ypified by cellu¬ 
loid and xylonite, are of comparatively low nitrogen content, 
ranging from J0.0%--10.9% N, of high viscosity, great tensile 
strength and satisfactory solubility, in which the nitration (usu¬ 
ally of tissue paper) is carried out at a comparatively low tem¬ 
perature. Tlie camphor-inducing cellulose nitrate plastics are all 
of comparatively low nitrogen content, bemg differentiated from 
other cellulose nitrates used commercially, by an extremely high 
viscosity. 

Differentiation into niirohydrocellvloses, nitrooxycelluloses, 
nitrocelluloses of high and low nitration and mean nitrogen con¬ 
tent have been made, but they are really meaningless. Even the 
above approximations are susceptible to wide modifications in 
special cases. Classification based upon nitrogen content alone 
is impossible. 

It must be remembered that by judicious blending, the nitro¬ 
gen content of a batch of nitrated cotton may be caused to fall 
into one of the above roughly designated five classes, without 
the product conforming to the physical properties of solubility and 
viscosity representative of that class. That is, the admixture of 
high and low nitrogen products may give a nitrocotton falling into 
class (2) above, but the solubility will be diminished from admixture 
of higher nitrated product with one 6f lower nitration in order 
to obtain a pre-determined percentage of nitrogen. 

A description of a cellulose nitrate sufficiently specific for 
duplication must embrace: (a) statement of nitrogen content; (b) 
degree, of solubility in a named solvent of known purity, at a 
temperature stated; (c) viscosity of a given weight in a speciSed 
neutral liquid of stated purity and concentration at a named tem¬ 
perature by a method given in detail. The omission of any one 
point in the above three named specifications, renders impossible 
the duplication of a nitrocellulose fron; descri{)tion alone. 

Commercitd Designations of the Cellulose Nitrates. Made 
official by years of usage, the highly nitrated ceUuloses used pri¬ 
marily if not exclusively in. the warlike arts are called ‘guncotton. 
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explosive cotton, lignia nitrica, fulminating cotton, explosive tis¬ 
sue and bnknt cellulose. They are insoluble in ether-alcohol, 
but dissolve readily in acetone or ethyl acetate. 

Next in order of descending nitrogen content are the pyro- 
coUodions, soluble in ether-alcohol 95% or better, some as high 
as 99% soluble, and known under a variety of names as the 
official smokeless powders of various nations, and employed in 
sporting powders. These cellulose nitrates are universally col- 
loided with a mixture of alcohol and ether, to whicli the various 
stabilizers and ant-acids have been added. 

Pyroxylins, zapons, colloxylin, pyroxylc, pyroxylol, haloxy- 
lin,' collodolith,* alkolen,’ tamidine,^ polynitrocellulose,® soluble 
cellulose, soluble cotton wool, pyrocotton,* are names applied to 
those forms of nitrated cellulose used industrially for lacquers, 
waterproofing solutions, bronzing enamels, and protective coatings. 

Of still lower nitrogen content, and wider range of solubility 
are the collodions, collodium, photocotton, negative cotton, sen¬ 
sitive^, cotton, adhesive cotton, protective cotton, ether glue, 
soluble fiber, crystalline,’filmogen,* hyaline,® krystallin,"’vitrose," 
celluloidine,'® soluble guncotton—names for the cellulose esters 
used in pharmacy and photography. Similar is the celloidin, 
photoxylin, histoloid used as imbedding media in histology and 
pathology. Of the pharmaceutical nitrocdluloses, perlcollodion,'* 
celakut, elastoskin, ar^ ether-free collodions, in which acetone is 

1. F. P. 73110, 1866. 

2 Schippang St Wehenkel, «. R. 1*. 9890; abst. Wag. Jahr. 1880, J8, 
797'J ACS 18^ 2)303 

3. T. Sutton, Photo. Notes, 1862, No. H4; Phot. Archiv. 1862, June, . 
117; Chem. Tech, Rep. 1862,1,1, 40. 

4. Tamidine is the nitrocellulose dcveloiied by E. Weston. 

5. Heusschen, F. P. 157728, 1883; abst. Mon. Sci. 1884, M, 325. 

6 . Pyrocotton was proposed in 1881 by Parorzani. 

7. Year Book of Pharmacy, 1894, 227; abst. Repert d. Pharm. (3), S, 

497. 

8 . Zts. Apoth. Ver. 34, 686 , 945; abst. Year Book of Pharmacy, 
1897, 262. This is an acetone solution of nitrocellulose, and is also’called 
Collosin. 

9. "Hyaline,” Le Mon. de la Photog. 1891, 39, 28,88. 

10. This is said to be a solution of nitrocellulose in ethyl tdcohol, wood 
alcohol and amyl acetate. 

•11. Jahr. Photog. and Reproductiontechnik, 1899, 511. 

12. Asselot, Neuste Erfind. Erfahr. 1898, 2S, 180. W. Marga, E. P. 
21470, 1896; abst. Anns & Expl, 1896, 3, 30. Ber. 1896, 29, 324. Turpin, 
F. P. 189398,1888. 

13. This is said to be an ether-free coliodioo manufactured by Chem. 
Pabr. HtUenberg. 
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usually the solvent, either alone or with benzene to decrease 
the cost (sec the next topic, Pharmaceutic-al Nitrocelktloses). 

Nitrated paper is also designated as pyropaper, paproxylin,' 
explosive paper, ethcroxylin,’ dnd paproxyl.’ 

The thermftplastic nitox-elluloses have been known under a 
multitude of names, of which celluloid, xylonite, zyloaite, parkesine, 
fibcrloid, pyraline, viscoloid, ivoryine, coralline, camphoid,* Arling¬ 
ton paste, celloirite, pyrantin, pasbosene, nitroplastic, roxylite 
and petrifoid, are pcrha])s, the most familiar. 

Pharmacopeial Nitrocelluloses. The earlier investigations of 
nitrocellulose were along pharmacopeial lines, the “ether glue” of 
Schonbcin, and the “sticking plaster" of Maynard and the older 
pharmaceutists being solutions of pyroxylin in ethcr-alcohol, used 
to coapt the edges of a wound, or constringe the surface of a 
denuded part. The earlier Pharmacopeias contained methods for 
the manufacture of the pyroxylin, and directions for obtaining 
the various collodions therefrom, at the same time specifying the 
nature and iiuantities of medicaments to be incorporated with 
the collodion. The processes of pyroxylin manufacture as de¬ 
vized by W. Proctor,'’ C. Mitchell," K. Senft,’ F. laichs," T. 
Sutton," and F'. Katschursky'" are indicative of the older methods 

). Cassell's lincy. Pilot 11)11, .'11)2. .See also null, ilc la Franc, tie 
Phot. 1878. 24, 7(1 

2. Winiwarter, li P 121),'la. 18.72; .‘Jtlti, IH-Tl. .See also "I.es Positifs 
sur Verre and Theorie et Pratinne" by H Fourtoer,'’ 11)08, 12. 

li. Photo Arehiv 1872, 13, D. 42 

4. This is a collodion substitute consisting of 1 part nitrocellulose and 
one part hv weight of camphor and absolute alcohol, by weight. 

5. Atner. J. Pliann IRtM, 36, 801. 

6 . Proc. Amer. Pliarm Assm- 1874 , 22, .>1): Pharm. Ccntralh. 1872, 
31, 207; Atner. ] Pharm. 1872, 2, 241; Hull. Soc, CTiiin. 1872, 18, 272,>lou. 
Sci. 1874, 16, 382; Poly. Notir.bl 1873, 28, ()«; Phot. Arehiv. 1873, 12; Pharm. 
J. Trans. (3), 2, 1047; Cheni Centr. 1872. 43, .'i.'W; Jahr. Chem. 1872, 25, 
984; Zts. alig. (Icsterr. Apotheker-Yerein's, 187.5; abst. fndustriebl 1870, 
235; Chem. Tech. Uep 1875, 14, II, 217. 

7. Pharm. Post, 1,81)1), 007; abst. Proc. Amer. Pharm. As.soe. 1900, 

48 788) ., 

8 . Dingl. Poly. 1802, 166, 02; abst. Proc. Amer. Pharm, Assoc. 1864, 
12, 164; Poly. Centr. 1,803, 28, 270; Kep, Chim appl. 186.3,5,113; Poly. 
Notiibl. IStW, 19, 12; Chem, Centr 1802, 33, No. ,58, Chem. Tech. Mitth. 
1862-3, ,30. 

9. Amer. J. Pharm. 36, 21; abst. Proc. Amer. Pharm. 1864, 12, 165; 

Rep, Chim. appl. 1862, 4, 14.5; Mon. Sci. 1862, 4, 377; Poly. Notizbl. 1863, 
IS, 76; N. Jahr. Pharm. 19, 35; Poly. Centr. 1863, 20, 700, Jahr. Chem. 1862, 
IS, 468. ‘ 

10. Pharm. Rec 1884, 219; abst. Proc. Amer. Pharm. Assoc. 1884, 32, 

280. 



NITIMJCEI,LUU)SE THEORY 


16«d 

of pharmaceutical pyroxylin formation. Either the cotton was 
immersed ii^ a mixture of nitric and sulfuric acid, usually for 
periods less than ten minutes, or the nitric acid was produced in 
the bath by the employment of sodimh or potassium nitrates and 
sulfuric acid. ^ 

The present (IX) U. S. Pharmacopeia quite rightly refrains 
from including directions for the manufacture of pyro.xylin, for 
the mechanical and practical equipment of the usual druggist is 
not such as to produce with profit this highly specialized product, 
proper manufacture of which is an art—almost a fine art—to 
which statement G. Brown* does not agree. 

The 1890 U. S. Pharmacopeia gave the following formula for 
pyroxylin manufacture, which yields results, quite satisfactory for 
small scale production. The formula directs to use lOO gm. 
purified cotton, 1400 cc. nitric acid, and 2200 cc. sulfuric acid, 
the acids being mixed in a glass or porcelain vessel, cooled to 32°, 
and the cotton added, lire cotton is "imbued” with the acid 
thoroughly by means of a glass rod, the mixture allowed to 
macerate until a sample withdrawn, wa,shed with water, then 
alcohol, is found to be soluble in a mixture of 1 vol. alcohol and 
3 vols. ether. The nitrated cotton is then removed from the 
bath, wa.shed first with cold, then with hot water until neutral, 
“dehydrate” and dry it in “small, detached pellets,” by means 
of a water or steam bath at a temperature not exceeding 60°. 

The British Pharmacopeia of 1914 contains the following 
directions; Take 10 gm. cotton and .50 cc. each nitric and sul¬ 
furic acids, mixing the latter in a porcelain mortar. Immerse 
the cotton in this mixture, and after it has been thoroughly 
wetted by the acids, stir it for 3 minutes with a glass rod; transfer 
it to distilled water, wash until free from acid, drain, and dry 
the pyroxylin in a warm room. Prepared in the above manner, 
the pyroxylin should be "readily soluble in a mixture of equal 
volumes of 90% alcohol and ether—distinction from guncotton.” 
Notice that no temperature of nitration is s^cified. 

The French Codex has a somewhat similar formula, but 
different proportions. It directs the maceration of 55 parts of 

1. Proc. I.(misiaiia Pharm.jAssoc. 1909, 68. See Araer. J. Pbarm. 
1861, SS, 316. Archiv. Phann,, Dec. 1861; abst. Drug. Cite., April 1881; 
Amer. J, Pharm. 1861, M, 222, Amat. Phot. 1897, 2S, 21,S, 226; 1899, S#, 

m- 
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well-dried cotton in a mixture of 1000 parts sulfuric acid, sp. gr. 
1.84, and 500 parts nitric acid, sp. gr. 1.42, whick been cooled 
to 80°. The German Pharmacopeia directs a mixture of 1000 
parts sulfuric acid sp. gr. and 400 parts nitric acid, sp. gr. 

1.88, into whiph, when cooled to 20°, is immersed 55 parts purified 
cotton, the cotton to be macerated in the mixflire for 24 hours 
at 15°-20°. 

According to J. van der March,‘ whereas the Dutch Phar-‘ 
macopeia recommends nitration at approximately 20° with a mix¬ 
ture of 17.5% nitric acid, 07.85% sulfuric acid, and 14.05% 
water, better results may be obtained at approximately 15° with 
10% nitric acid, 05% sulfuric acid, and 19% water, there being 
used 30 parts by weight of nitrating acid to one of cotton. Meth¬ 
ods of pyroxylin formation as directed by the Pharmacopeias may 
be found in "Nitrocellulose Industry,” E. Worden, 1911, 1, 114. 

The official description for pyroxylinum of the U. S. Pharma¬ 
copeia IX, is as follows: “A product obtained by the action of 
a mixture of nitric and sulfuric acids on cotton and consisting 
chiefly of cellulose tetranrtrate {CioHielONOilA, = 504.17). 
Preserve it in cartons, packed loosely and protected from light 
and moisture." 

The Pharmacopeias describe pyroxylin as a yellowish white, 
matted mass of filaments, resembling Taw cotton in appearance, 
harsh to the touch, exceedingly inflammable, burning very rapidly 
when unconfined with a luminous flame, and less explosive than 
cellulose trinitrate (i. c., guncotton). .Slowly but completely 
soluble in 25 parts of a mixture of 8 volumes ether and 1 volume 
alcohol. Soluble in acetone and in gjacial acetic acid, ^nd pre¬ 
cipitated from these solutions on the addition of water. It 
should leave no weighable residue of mineral impurities when 
ignited. When kept in well-closed bottles and exposed to the 
light, it is decomposed with the evolution of nitrous vapors) a 
carbonaceous mass being deposited. 

In Germany, th^ name “pyroxylin," which in England and 
the United States is used to designate those soluble cellulose ni¬ 
trates used in the manufacture of collodion and lacquers, is usually 
restricted to the insoluble and explosive variety better known as 
guncotton; the name colloxylin being there given to the more 

1. Pharm Weekblad. )»17. 54, 53; abst. C. A. 19J7, ^ 1618. 
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soluble nitric esters corresponding to our collodions. 

In the various methods for manufacturing collodion especially 
adaptable for pharmaceutical uses, i. e., maximum adhesion, ten¬ 
sile strength, suppleness and stability, especial emphasis is placed 
on so conducting the esterification process that an absolutely com¬ 
plete solubility in ether-alcohol admixture will result, but little 
attention has apparently been directed to so manipulating the 
nitrating constants, that an ester of minimum vi.scosity will result. 
Furthermore, it is a doubtful point whether a completely soluble 
pyroxylin will give the maximum adhesiveness, it having been 
repeatedly shown that the small number of filaments which are 
present in unfiltered collodions, actually assist adhesion by the 
binding nature of the partially dissolved filaments. 'Hie question 
of nitration to a maximum contractility in solution, is also another 
point which pharmacists apparently have devoted hut little at¬ 
tention. These points, however, have been taken into considera¬ 
tion by the manufacturers of various proprietary collodions (see 
Chapter XII) with the result that in many instances the pro¬ 
prietary collodions are superior to those prepared according to 
the pharmacopeial directions. 

Pertinent comments on pharmaceutical pyroxylins have been 
made by T. Tyrer,' T. Schluraberger,* R. Breves,’ L. Brown,’ 
A. Schamelhout,’ and others, to the original references of which 
the reader is referred. 

Properties of the Cellulose Nitrates. It is not possible to 
distinguish cotton from nitrated cotton or the various cellulose 
nitrates among themselves by visual inspection alone. Without 
taste or smell, nitrocellulose preserves perfectly the appearance 
of the cotton from which it is prepared, being, however, harsher 
to the touch, and emitting a slight crackling sound when com¬ 
pressed. When rubbed, especially at a moderately warm tem¬ 
perature, its fibers become strongly electrified, and will adhere to 

1. Chem. and Drug. 1896, 207; Pharm. J. 1896, 109; J. S.'C. I. 1898, 
IS, 672. 

2. Pharm. Centralh. 1896, IS, 772; Pharm. J. 1808, Jan. 24. See also 
E. Brrmnert and T. SeWumberger (E. P, 1868, 1896; ab^. J. S. C. I. 1897, 
U, 3M) for the manufacture of pyroxylin suitable for collodion. 

3. Pract. Drug. 1910, M, 39. 

4. Bull. 150, Kentucky Agric. Exper, Sta. 1910, 143. 

6. Bull. So;. Roy. Pharm. Brux. 1909, SS, 76. For report by Belgian 
Inspectms of Pharmacies see J. d. Pharm. d'Anvers, 1909, W, 588. 
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the hand.' This property diminishes with decreasing'N per cent. 

Pure nitrocotton is substantially white in color, .but com¬ 
mercial varieties have usually a slight yellow tint, especially 
noticeable when in the wet state. This is due to tjje fact that raw 
cotton as used for nitration contains some coloring matter, and 
this pigment or its derivatives is not wholly removed in the process 
of nitration or subsequent purification. Sliver cotton results in 
the formation of a more nearly white final product than is given 
with cotton waste. Wlien nitrocotton is stored under water or 
in diffused light, it is slowly bleached. A more rapid bleaching 
may be brought about by peroxide or chlorine bleaching after 
nitration, and this method is sometimes resorted to with nitrated 
paper intended for transparent sheets of plastic. Pme nitro¬ 
cellulose also resembles cotton in being neutral. 

Since it is practically impossible to distinguish cotton from 
nitrocotton by inspection, it has been proposed* to dye the latter, 
which does not affeat the stability. A difference may be detected 
l)etwecn the nitrated and un-nitrated product upon microscopical 
examination in polarized light, as well as in electrical properties 
(see p. 1700). Unlike cotton, the nitrated product is soluble in 
acetone and many other solvents, from_ which the product may 
be precipitated unchanged. When wet guncotton is treated with 
an aqueous solution of iodine in potasifium iodide and subse¬ 
quently moistened with dilute sulfuric acid, a yellow color is 
obtained, while under similar treatment, cotton is colored blue.* 
Under other tests a marked difference appears, such as when 
exposed to tlie action of heat. While in general, cotton isxhem- 
ically inert, guncotton shows the properties of a cellulose ester.' 

E. Sarrau and P. Vieille* have obtained the heat of formation 

1. Plates for static electric michines have been constructed by dissolving 
nitrated cellulose, forming large sheets or films and pressing these tog^her 
into a plate, after which they are cut or sawed into the desired shape and 
thickness. R. Fortun and E. Semprun (E. P- 8280, 1901; abst. J. S. C. I. 
1901, 20, 777) have devired a process for making separators for use in sec¬ 
ondary galvanic batteries, ‘by superficially nitrating sheet cardboard, and 
applying a coat of silicate paint to the dri^ surfaces. 

2. J. Bonjean, Compt. rend. 1847, 24, 22; abst. Berz. Jahr. 1849. 28, 
.351; Annuaire de Chim. 1847, 3, 454; Jahr. Chem. 1847-8, 1, 1145. 

3. G. Kindt. Pogg. Ann. 1847, 70, W; abst. Dingl. Poly. 1847, 103, 
214; Jahr. Chem. 1847-8, 1, 1137; Berz. Jahr. Chem. 1848, 20, 351; Eiebig- 
Kopp. Ann. Rep. 1847-8, 2, 370. 

4. T. Bokomy, Chem. Ztg. 1896, 20, 986; abst. Jahr. Chem. 1896, 43, 
1030; Chem. Centr, 1897, 88 , I, 30. 

9. Bull. Soc. Chim. 1880, 33, 581; abst. Jahr. Chem. 1880, 33, 127; 

% * 
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and of transformation of gxmcotton, the experiments being marfg 
with a mixture of the di- and tri-nitrated derivatives. The heat 
of transformation of one equivalent weight of guncotton was found 
to equal 1070 calories, and the heat of formation,, 542 calories. 
B. Oddo has recently determined* that cellulose absorbs gases to 
extents increasing with the solubilities of the gases in water (see 
p. 529) and absorption of a second gas is accompanied by partial 
displacement of a gas already absorbed. Both deca- and endeca- 
nitrated celluloses absorb dry hydrogen chloride and sulfur di¬ 
oxide. After a time, however, red vapors are emitted, and even 
after being kept in an evacuated space, the product contains ionic 
chlorine and small proportions of nitrogen. The volume of SOa 
absorbed by nitrated cellulose (13.32% N) is about five times 
that absorbed by an equal weight of cellulose. 

L. Vanino has shown* that if dry guncotton is impregnated 
with sodium peroxide and a few drops of water then added, the 
guncotton is immediately ignited but not detonated. It is neces¬ 
sary to avoid excess of water. The addition of a small amount 
of formaldehyde to the water apparently accelerates the reaction 
considerably. If to ordinary commercial formalin a small quan¬ 
tity of sodium peroxide be added, a violent detonation occurs, 
with destruction of the glass vessel. When the peroxide is added 
in too small amounts only, .small sparks of flame appear, unaceom- 
panied by an explosion, or only a development of gas is observed. 
With larger proportions, however, the explosion occurs regularly, 
with a dull report. 

Whereas in the alkaline saponification of organic nitrates 
there are usually obtained dark colored resin-like bodies, primarily 
derived from the alkyl complex of the nitrate, T. Carlson has 
found* that with the nitrates of the polyatomic alcohols the con- 


Chem. News, 1880, 42, 282; J. A. C. S. 1880, 2, 43a-, J. C, S. 1881, 40, 3«: 
Ber. 1880,13, 1477. 

1. Gazz. chim, ital. 1919, 49, II, 127; atet, J. S. C. I. 1920, 39, 12-A; 
C. A. 1920, 14, 1629. The absorption of SOj by 1 gm- nitroceUuIos«iin three 
experiments, was 12.60%, 12.97% and 12.39%, respectively. 

2. Zts. ang. Chem. 1902, Is, 1299; abst. J. S. C. I. 1903, 22, 49; Chem. 
News, 1903. ^ 257; J. C. S. 1903, 04, i, 67, 232; Bull. Soc. Chim. 1903, 30, 
637; Rep. Chim. 1902, 2, 46; Chem..Centr. 1902, 73, II, 1499; 1903, 74, I, 
288; Chem. Ztg. Rep. 1902, 26, 354rjahr. Chem. 1902, SS, 978, 1056; Zts. 
anal. Chem. 1902, 41, 619. 

3. Arldv. f. Kemi. Min. Geol. 2, No. 28; 3, No. 7, 8; Ber. 1906, 39, 
2762; 1907, 40, 4191; Chem. Centr. 1906, 77, II, 1481; 1907. 70. II, 1226, 
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version proceeds significantly more rapid. For’instance, nitro- 
glyeerol saponifies as alkali nitrate, (>7%; glycol nitrate a s alkali 
nitrate, X7%^ and nitrocellulose (I2..j% N) to about S2% . Here 
the alkyl complex became more or less completely destroyed, ard 
the alcohol was not at all, or only in traces regenerated. 

C. Munrof' exphxled wet guncotton in moist sea sand which 
still retained some salt. The grenade in which the-nitrocellulose 
had lx‘en placed was ruptured into only a few pieces, and the 
surrounding sand was partly sintered in spots. The pieces which 
had been melted were glazed on the inner side with a sort of gray 
glaze, not over 1 mm, thick. 

Stability of the Cellulose Nitrates. The general subject of 
stability has been subdivided in this volume under five headings 
as follows: 

1. In the Inslorical developmoU of the art (pp. I.KH-Kid.j) as 
indicating the importance which investigation on stability played 
in the development of this subject, if not actually saving it from 
extinction. 

2. The theoretical considerations involved in the general sub¬ 
ject of the proneness to decomposition of the nitrocelluloses and 
the underlying principles connected therewith, comprizing the 
subject matter of the present topic. 

.'i. 'riie manipulative details in stabilization incident to actual 
production of the cellulose nitrates as in the boiling (p. 2071), 
beating (p. 20S;i), poaching (p. 200S), and blending (p. 2107) 
operations described in the next chapter. 

4. The various tests and quantitative methods whei;eby the 
relative stability of the product is determined, as detailed in Chap¬ 
ter XI of this volume. 

T). Incidental mention of the more prominent of the slabil- 
izars, ant-acids, activators, accelerators, and other liquid and 
solid bodies which have been proposed from time to time for 
increasing the stability of the nitrocelluloses, or rather, for pro¬ 
longing the period in which their decomposition constitutes an 
element of danger, are given in Chapter,XII in synopsis only, 
their general discussion and elakioration constituting a section 
in Volume II. 

One who has understandingly read the historical develop- 

1. Amer., J. Sci. 1017, (4), 43, 389; abst. Chem. Zentr. 1618, 39, I, 
oei; C. A. 1917, IS, 2043; J. S. C. 1. 1907, 3S, 669. t 
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ment of the cjHulose nitrates as recorded in the first portion of 
this chapter,♦must have been impressed with the vital nature of 
the subject of stability as contributing U> advancement, for it is 
true that in the earlier days of the history of this art, real advance¬ 
ment seemed to occur only at these periods when nc^able methods 
of increasing stability and diminishing the perceptible rate of 
decomposition were disclosed. And it is not far-fetched to say 
that no problem connected with modem explosives is of more 
importance or more elusive than that of the .stability of the nitric 
esters of cellulose. Whereas black powder and similar inorganic 
nitrate combinations may be stored indefinitely under dry condi¬ 
tions without serious deterioration; and while the aromatic nitro¬ 
compounds as picric acid and trinitrotoluene may be preserved 
for c'omparatively long periods without perceptible decompo¬ 
sition; nitrocellulose and nitroglyccrol, on the other hand, have 
a measurable rate of decomposition when stored under ordinary 
atmospheric conditions, which increment of decomposition is 
materially augmented with rise of temperature. 

It ■vfill be remembered that v. benk sought to increase stability 
by boiling with dilute alkali and then adding water glass (pp. 
l.oOil-l.fiOH); F. Abel comminuted the nitrocotton (pp. KiHi), 
while M. Bonet,' >S. de Luca,- A. Hardwich,* J. Nickles,^ A. 
Hofmann,'’ A. Davanne,® F. Hess,’ and others," made various 
suggestions. • 


1. Compt. rend. 18C1, 53, 4(l.j; nhsl Ding! I’oly. IHdI. 162, 1H7, 
J. prakt. Chem. 1862, 85, ;)80, Rep Chun I’me, IK62, 4, 1.7, Jahr. Cliciii. 

1801. 14, 712; Poly, Centr 1801, 2T, lill'.l, Mon Sci. 1801, 1, ,710. 

2. Compt. rend. 1801, 53, 2118, Instit 1801, 27.7, Dingl Poly. 1861, 
162, 1.85; J. prakt. Chem. 1802. 85, .87,S. J. Pharm. i.ll. 41, 188; Jahr. Chem. 

1861. 14, 71.8; Poly. Centr. 1802, 28, 221 

3. Lond. Photog. J.; ahst. Rep. ehini appl. 1860, 2, 05; Jahr. Chem. 
1860, IS, 499. In this connection sec C Rand, Amer. J Pharm. 1849, 21, 
209 212 

4. Mem. Acad. Stanislas, IW»I, I2(), J di* Pharm. 1801, W, 116, 158; 

4$, 277; Jahr. Chem. I860, 13, 499. - ^ 

5. J. C. S. 1860, U, 76; Ann. 1800, US, 282; abst. Chem. Centr. l^), 
U, 976; Rep. chim. appl. 1861, 3, 119; Jahr; Chem. J860, 13, m, Dingl. 
Poly. 1860. 158, 237; Mon. Sci. 1864, 12, 137. 

6. Rep. chim. appl. 1800, 2, 05; absl. jahr. Chem. 1869. 13, 499. 
Anon., Zts. &hiess. Spreng. 1912. 7, 370; al)St. C. A. 1913, 7, 701. 

7. Mitth. Art. Genie-Wesens, 1870; alwt. Dingl. Poly. 1870, 221, 548; 
Chem. Tech. Rep. 1876, 15, .*189; Wag. Jahr. 1870. 22, 496; Indbl. 1876, 
274; Zts. Grossgew. 1876, 1 , 230. Cf Dingl. P^- 1875, 2U, 227. 
Mitt. Art. Gentc-We-sens. 1879; al)st, Dingl. Poly. 1879, 234, 43; Wag. Jahr. 
1879.21,398. 

* _ . . —. — 
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F. Abel,* in his several attempts to purify ,and stabilize 
cotton, was of the opinion that the lower and moii soluble nitrates 
were what caused the instability, and this was apparently experi¬ 
mentally demonstrated by dissolving out the lower esters whereby 
the more ins(jluble portions which remained were found to pos¬ 
sess a higher stability, but there is nothing in’his writings to 
show that it occurred to him that, in dissolving out the lower 
esters he was at the same time removing the sulfuric containing 
esters, and it was to the presence of these that the instability, in 
a great measure was due. 

E. Schunk in 1868 made a good point which apparently has 
escaped general observation.*' In his investigation of the com¬ 
position of cotton wax (see p. .')34). Whereas the generally 
accepted opinion at that time was that the wax and hygroscopic 
normal impurities in cotton cellulose was the cause of the in¬ 
stability in the nitrated product, Schimck isolated and nitrated 
these bodies, and found that explosive compounds were not 
formed. E. Divers found* soluble pyroxylin made from Swedish 
fdter paper when exposed to diffused daylight at the end of sev¬ 
eral years, emitted red fumes and left gummy or pectin-like 
products. Wallis* found that pnjperly prepared collodion cotton 
will keep unchanged for many years when immersed in ethyl 
alcohol. C. Curtis and A. Dumford^ added chalk as a neu- 
tralizant to the finished preparation, a practice which has been 
carried out to the present day in England, notwithstanding many 
criticisms of the practice as will be discussed herein later. A. 
buck and C. Cross® preferred to stabilize cellulose nitrate by the. 


1. Phil. Trans, 1867, 1S7, 181; abst. T. C. S. 1867, S, 505; Proc. Roy. 
Soc. 1867, IS, 417; Phil. Mag. 1867, (4), 33, .544; Sill, Amer. J. Sci, 1867, 
(2), 44, 288; Chctn. News, 1867, U, 203; Bull. Soc. Chira. 1867, (2), 7, 527; 
Jahr. Chcra. 1867, 20, 912. 

2. Men. Man. Lit. and Phil. Soc. 1868, (3), 4, 95; Chcm. News, 1868, 
17, 118; 1874, 2$, 5; Bull. Soc. Chim. 1868, U, 70; Chem. Centr. 1868, 39, 
113* 1869, 40, 112; lahr. Chem. 1868, 21, 980; Wag. Jahr. 1868, 14 6’l4; 
Poly. Centr. 1868, 34, 1006; Dingl. Poly. 1868, 108, 496; Schwiez. Poly. Zts. 
1868, 121; J. de Pharm. (4), 8, 232; Dent. Ind. Ztg. 1868, 252. 

3. J. C. S. 1863, L 91; abst. Chem. News, 1863, 7, 154; Zts. Chem. 
Pharm. 1863, 237; J. praSt. Chem. 1884, 91, 58; Chem. Centr. 34, 690; Bull. 
Soc. Chim. 1864, 1, 46; Jahr. Chem. 1863, IS, 569. 

4. Wieck. Gcwerbztg. 1860, No. 40; abst. Poly. Centr. 1864, 30, 1590; 
Chem. Tech. Rep. 1864. 3, 11, 106. 

6. E. P. 12591, 1899; abst. J. S. 9. I. 1900, 19, 689. See P. Allyre, 
F. P. 443555, add. 16836, 1912; abst. C. A. 1913, 7, 1291; Mon. Sci. 1913, 
79, 186; Chem. Ztg. Rep. 1913, 37, 36. 

E, P. 18868, 1898; abst. Mon. Sci. 1900, 56, 131; Phem. Ztg, Rep. 
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addition of ^ concentrated solution of lead acetate or zinc chloride. 

C. Boitsema has shown* that if guncotton be subjected to 
very gentle heating in vacuo it is ^dually decomposed into a 
black residue and gaseous product, consisting at the beginning, 
of a small quantity of higher nitrogen oxides, *ut later on, of 
nothing but nitrogen and nitric oxide. In a later research’ it 
was determined that the unstable bodies in guncotton give rise 
to the higher oxides of nitrogen, while stable guncotton yields 
only nitrogen and nitric oxide. On these grounds he has designed 
an apparatus for determining the stability consisting of two 
glass-stoppered U-tubes connected together, in the first of which 
is placed the guncotton, the second containing glass wool moist¬ 
ened with diphenylamine in sulfuric acid. The tube containing 
the guncotton is then placed in an oil bath for a specified period, 
during which time dry CO 2 is aspirated through, when it will 
be found that the diphenylamine has developed the blue color 
due to the presence of higher nitrogen oxides. The process is 
repeated at succeeding lower temperatures until a point is reached 
where no blue coloration is produced, and this temperature taken 
as the indication of stability. The following comparison with 
the Abel test and the method of J. Simon-Thomas’ gives the 
comparative results (see p. 1704). 

In the decade 1901-1!)10 appeared a large number of im¬ 
portant contributions‘to the general subject of the instability of 
cellulo,se nitrate, from which in their entirety permit of drawing 
a number of u-seful generalizations. In 190.3 A. Cocking and 
Kynoch, Ltd., were granted patent protection for the use of 
barium and potassium acetates, citrates, oxalates, and tartrates 


1900, 24, 20; Arms Expl. 1899, 7, Ml. 1!. P. 24682, 1898; abst. Arms Expl. 
1900, 8, 70; J. S. C. I. 1898, 17, 1214; 1899, 18, 296; 1900, 19, 376. 

1. Zts. physik. Chem. 1896, 21, 137; abst. Wag. Jahr. 1897, 43, 485; 
Ber. 1896, 29R, 1007; Chem. Centr. 1896, 67, 11, 087, 088; J. C. S. 1897, 
72, ii, 17. Zts. physik. Chem. 1898, 27, 507; abst, Jahr. Chem. 1898, 81, 
381; Chem. Centr. 1899, 70, 1, 460. 

2. Zts. ang. Chem. 1899, 12, 705; abst. J. S. C. I. 1899, 18, 857; Chem. 
Centr. 1899, 70, II, 547; Jahr. Chem. 1899, 51 1304; Mon. Sci. 1899, 53, 
826; Tech. Chem. Jahr. 1899, 22, 146; Meyer Jahr. Chem, 1899, *0, 300; Wag. 
Jahr. 1899, 45, 423. 

3. Zts. ang. Chem. 1898, 11, 1003, 1027; 1899, 12, 55; abst. J. S. C. I. 
1898, 17, 1179, 1180; 1899, 18, 174; Mon. Sci. 1899, 53, 145, 372; Chem. 
Centr. 1899, 70, I, 76, 609; 18«l, 70, II, 219; Jahr, Chem. 1898, ^ 1379; 
Meyer Jahr. Chem. 1898, 8, 327; Wag. Jahr. 1898, 44, 382; Rev. Intern 
fals. 1899, 12, 82. Zts. ang. Chem. 1907, 20, 1143; abst. J. S. C. I, 1907 
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as combined stabilizers and inflammability reducing a^^tions to 
guncotton;’ C. Duttenhofer brought forth the use of alkali bicar¬ 
bonate for the same purposeoxalic acid and oxalates’ having 


also been proposed. 

• 

Abel's 

Thomas’ * Hoilsema’ 

Sample 

Test 

Test 

Test 

Minutes 

Days 

"C 

Guncotton (Stowmarlcet).... 

4 

9-11 

100 

Guncotton (Watsrode) .. . 

33-39 

10-10,H' 

100 

Guncotton (Kruppamuhle). 

12 

Tj 

100 

Flake-powder (Muiden). 

35 

0-8 

80 

Flake-powder (C61n-Rottwcil). . 

7-U 

8 8M 

80 

Ballistite (Muiden) .. .. 

2;i-27 

(i).i-8 

70 

Ballistitc (Duneberg) ... 

13 

.5 h -i> Hours 

80 

Cylinder-powder (Muiden)... 

48 

rija Days 

90 

Cylinder-powder (Duneberg) . 

00 

7-8 

90 


In 1902 appeared the results of the investigations of W. 
Will’ on the stability of nitrocellulose, in which he heated 10 gm. 
of a normal nitrocellulose at Kir)° in a current of CO* as described 
in Chapter XI, the nitrogen evolved being collected and measured. 
The amount of water formed also was determined by pacsing 
through a calcium chloride tube, and at definite periods the total 
loss in weight was determined by weighing the residue. After 
371 hours no further loss in weight, was obtained by continued 
heating, when it was found that the reijidue weighed 3.3 gm., 
and contained 0.170 gm. nitrogen, the original 10 gm. nitrocellu¬ 
lose containing 1.310 gm, N. The ratio between the total loss 
of weight and the amount of nitrogen separated remained through¬ 
out the experiment at about 100: IS.o. The ratio between the 
amount of water and nitrogen was about 1.9:1. The ultimate 
composition of the residue was C, 44.4; Ih, 2 14; N, .■>.3; 0,47i9%. 

1. E. P. 155(W, 15.565. 15,560, 11*0.5, abst. J. ,S. C. I. 1906, 25, 497, 
609; Chem. Ztg. Rep. 1906, 30, 487; Zts. Scliiess. Spreng. 1906,1, 262; Arms 
Expl. 1906, 14, 82, 93. 

2. E. P. 24782, 1904, abst. J. S. C. I. 19ft5, 24, 105; Mon. ,Sci. 1907, 
«, 10»; Chem. Ztg. Rep. 1906, 30, 2.54; Meyer Jahr. Chem. 1905. IS, 369. 
F, P. 364413, 1906; add. 6620, 7749; abst. J. .S. C. I, 1900, 25, 911; 1907, 26, 
167. 

3. "The Flameless Explosives Co ,” Ltd., Wag, Jahr. 1888, 34, 498. 
CL W. Scott, Brcslauer Gewerbl. 1866; abst. Chem. Tech Rep. 1866, 5, 
I. 102. 

4. Zts. ang. Chem, 1901, 14, 743, 744, 783; abst. J. S. C, I. 1901, 20, 
932; 1902, 21, 1470, 1554, 1555; Chem. Centr. 1901, 72, II, 606, 667; Jahr. 
Chem. 190 i 7S4, 894; Meyer Jahr. Chem. 1«)1, U, 316; 1904, 14, 369; Tech., 
Chem. Jahr. 1901, 24, 204; Wag. Jahr. 1901, 47, 1. 501. Mitt. Centralstelle 
Wissensch. Techn. Untersuch. 1900, 5, 1902, (3), 30; abst. J. S. C. I. 1901, 
20, 600;' 1902, 21, 1554. 
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Based oa these and other considerations, the author concludes 
that the nitrocellulose is mainly d«<;omposed according to the 
equation; 

Ci2Hh(N02)s0i(i = CioHjNO, + 4NO + (IHtO 4- iCO 

which would require a ratio between total loss of weight and 
amount of nitrogen separated of KIO- 1!).7, and Iwtween the 
amount of water evolved and that of nitrogen of l.!l: 1. Besides 
nitric oxide, water and cartwn monoxide, it is probable that, 
owing to side reactions, nitrogen, carbon dioxide and possibly 
nitrous oxide are formed. The fact that by prolonged heating 
at i:i.")° the whole of the nitrogen is not evolved from nitrocellu¬ 
lose, points to a secondary action of the separated oxygen com¬ 
pounds of nitrogen on the nitrocellulose. This quantitative sta¬ 
bility test is an important contribution to the means at the dis¬ 
posal of the investigator in forming a judgment as to the relative 
keeping qualities of nitrocellulo.se. 

R. Robertson* has subjected the method and conclusions of 
Will to a searching analysis, and has added several refinements 
to the method, (see Chapter XI). 

A. Lcroux,* in discussing the influence of nitric and sulfuric 
acids on nitroglycerol and nitrocellulose explosives, makes the 
(rather surprising) statement that the supposed dangerous effect 
of free acid on these explosives is a fallacy, being based entirely 
upon assumption without any experimental evidence. 

A. Voigt truly maintains** that nitrocellulose for celluloid 
and pyroxylin lacquer manufacture should lx* as carefully stabi¬ 
lized as if intended for warlike purposes; W. Normann* and B. 
Schreiberi dilate on the proneness to auto-combustion of pyrox¬ 
ylin plastics, to which K. Voigt* properly takes exception. 

1. J. S. C. I. 1!M)2, 21, 81H; abst. Mon. Sci. toai, SS, O.'jH; Jahr.,Cliem. 
1902, SS, 10.55; Chem. Centr. 1902, 71, II, .540. J. C. S. 1907, n, 761; abst. 
C. A. 1907, 1, 1772, J. S, C I. 1907, 28, KIS; Chem. Zentr. 1907, 7», If, 95; 
Wag. Jahr. 1907, 51, 1,428. 

2. Cong, de Chimic ct Pharm. Liege, Jbly, 1905; Bull! Soc. Chim. 
Belg, 1905, ll, 245; J. S. C. I. 1900, 25, 2.54; Wag. Jahr. 1906, 52, I, 496: 
Zts. Schiess. Spreng. 1900,1, 179, 218. 

.5. Zts. ang. Chem. 1908, 15, 1800; abst. Wag. Jahr. 1905, U, 11. 672 
See also Zts. ang. Chem. 1906, S, 237. 286; Mon. Sci. 1907,11190. 

4. Chem. Ztg. 1905, 29, 94, 128; abst. Wag. Jahr. 1905, II, 11, 572. 

5. Chem. Ztg. 1906. 29, 85, 128; abst. Wag. Jahr. 1906, tl, 11, 572. 

6. Chmn. Ztg. 1905, 29, 188; abst. Wag. Jahr. 1906, H, 11, 672; Zts 
ang. Chem. 1905, ll, 2300. 
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A peculiar observation has been recorded by Lr l^finino,* he 
having found that when gijncotton is treated with 20 % solution 
of formaldehyda and allowed to dry, it loses its sensitiveness to 
explosion by pgrcussion, but on removing the paraform de¬ 
posited on the nitrocellulose by boiling with watei^ or mechan¬ 
ically by beating, it resumes its ordinary explosive properties. 
No effects of decomposition are said to be observable by this 
treatment. 

Kismiemsky* has made use of the facts given by Will regard¬ 
ing the stability of nitrocelluloses prepared from different acid 
mixtures and with varying amounts of purification. Will’s method 
for determining stability consists in noting the loss of nitrogen 
from 2.5 gm. of nitrocellulose at a temperature of 135°. Results 
are expressed as curves, using as coordinates the time of heating 
and the loss of nitrogen in mgrms. The composition of any 
mixed acid is represented by the fonnula, 2 HNO 3 -f- aH 2 S 04 -f- 
bHjO. Thus, in the. notation used (4-1/1) represents th^ fol¬ 
lowing acid mixture: 2HNO:i •+• l.SHaSOi -|- 0 . 6 H 2 O;that is, H 2 O 
4%, HjSOi 48%, HNO 3 48%. The “strength” of a mixed acid 
is expressed by the value (a — b). From curves showing the loss 
of nitrogen on 2.5 gm. of nitrocellulose at 135°, it is found that 
the stability increases as the strength of (a—b) of the acid mix¬ 
ture decreases. (1st Law.) It is shown that nitrocelluloses pre¬ 
pared from acids, for which (a — b)>() do not reach their "limit 
state” of stability after even 100 hours’ boiling, while those 
prepared from weaker acids attain their “limit state” after 30 
hoitts; that is, the value of Nus is constant after 30 hours’ boil¬ 
ing. For all nitrocelluloses in the “limit state” it was found that 
the loss of nitrogen is directly proportional to the time of heating 
at 135°. (2nd Law.) The value N 133 expresses the loss of nitrogen 
in mgijns. from a 2.5 gm. sample during 15 min. heating at 13^°. 
From a series of determinations on nitrocelluloses prepared from 
acid mixtures with varying values of (a—b), a value for Njsj is 

1. Her. 1901, 34, 1128; abst. J. S. C. I. 1901, 20, 747; Chem. Centr. 
1901, 72, I, 1196; Chem. Tech. Rep. 1901, 40, 236; Chem. Ztg. Rep. 1901, 
2S, 161; Jahr. Chem. 1901, 54, 896; Tech. Chem. Jahr. 1901, 24, 208. Zts. 
aag. Chem. 1902, 15, 1299; abst. J. S. C. I. 1*03, 22, 49; Chem. Centr. 1903, 

• 74 , 1, 266; Jahr, Chem. 1902, 55, 1055; Tech. Chem. Jahr. 1903, 26, 167. 

2. Mem. poudres. 1899-1900, U, 64; 1905-1906, 13, 247; J. Art, Russ. 
1904, No, 9; abst. J. S. C. I. 1907, 26, 892; Meyer Jahr. Chem. 1900. 10, 
321; 1901, 11, 316; ZJs. ang. Chem. 1900, 13, 965. 
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found as follows; Nuis=0.41 + 0.1(a—b). (1) The 1st law 

given above is verified by the followihg* values for the nitrocellu- 
loses investigated: 


Designation of 
Acid Mixture 



N,!. 

(a-b) 

Calculated Experimental 

( 4-3/1) 

+2,7 

0.68 

0,62 

( 9-3/1) 

+1.1 

0 52 

0.64 

(14-3/1) 

—0,7 

0.34 

0.35 

(14-1/1) 

—1.0 

0.31 

0.29 

(19-1/1) 

—2.0 

0.21 

0.18 

(19-3/1) 

—2.7 

0.14 

0.13 


For temperatures other than 135° the same relation holds 
true, as the following table of tests of a nitrocellulose shows; 


Values of N/ for Varying Temperatures 


N/ 

Calculated 


t° 

Experimental 

126..') 

0,2 

0.18 

129..5 

0.3 

0.25 

133.5 

0.4 

0.38 

137.0 

0.7 

0.67 

139.0 

0.9 

0.87 

141.0 

1.3 

1.52 

143.0 

1.5 

1.65 


N( 
Calculated 


t" 

Kxperimentiil 

147 0 

2.5 

2.70 

149 0 

3.4 

4.10 

151.0 

4 5 

5,10 

153 0 

5 9 

5 46 

1.55.0 

7.7 

6.70 

157.0 

10.0 

10.05 


The author derives^ value for Nt as follows; Di = Dt qt-tu 
(formula of Guttmann), where t and h = temperature of heat¬ 
ing, Dt and Dti = time of heating at given temperature to pro¬ 
duce a given loss, q = index of progression of the stability of the 
sample. Also 4NtDt = loss of nitrogen in Dt hours, and 

— = —^ but —^ N = Ntmqt''^"- From an aver- 

A^iaj Dt Dt 

age of the results in the table, the value for q is found to be 1.144, 
and substituting the value of NatW, then Nt = [0.41 -f 0.1 (o —• 6) j 
(1.144)1 (2). A series of values for Nt obtained experimentally 

by Will at temperatures from 135°-160° pn two differ^t sam¬ 
ples of nitrocellulose, are calculated from the formula (2) by the 
author and agree closely with the experimentally obtained values. 
0. Silbeirad and R. Fasmer,* in studying the stability of 
1. Zts. Schiess. Spreng. 1906,1, 4M; 1907, 2, 6184; J. S. C. I. 1900, 
25, 961; 1907, 25, 35; abst. C. A. 1907, 1, 368; Proc. Chem. Soc. 22, 270; 
J. C. S. 1906, 59, 1182, 1759; J. S. C. I. 1906, 25, 888; Mon. Sci. 1908, SI, 
36; Chem. Centr. 1906, V. II, 1046, 1723; 1907, 78, I, 538; Meyer Jahr. 
IQIM M. 326:1907. 17, 313. 
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nitrocellulose, examined 800 kilos of a gelatinized nitrocellulose 
stored in a magazine whithewas maintained at a constant tem¬ 
perature of 54.4° by means of steam pipes, steam being also 
blown directly 4nto the chamber in order to supply enough mois¬ 
ture to facilitate hydrolysis of the nitric ester. After 23 weeks 
it was found that the tubes of nitrocellulose were in many in¬ 
stances filled with a crystalline deposit of oxalic acid. 100 kilos 
of the explosive were now heated to <S0° with an equal weight of 
water, and the solution filtered. The residue consisted of prac¬ 
tically unaltered nitrocellulose. In the aqueous solution the 
presence of nitrous and nitric acids, ethyl nitrate and nitrite, 
excess of alcohol, ammonia, and also formic, acetic, butyric, di- 
hydroxybutyric, oxalic, tartaric, isosaccharinic, and hydroxy- 
pyruvic acids, were detected. In another portion of the aqueous 
solution, after neutralizing, and distilling off the alcohol, the 
presence of fermentable carbohydrates Was detected by fermenting 
with yeast, when carbon dioxide was evolved, and the lesidue 
gave the iodoform reaction, 

They have also shown that the gradual decomposition of 
nitrocellulose which takes place o» storage, is largely hydrolytic 
in nature, being brought about by the ipoisture of the air, under 
the influence of traces of acid liberated from the nitric esters'- 
When nitrocellulose is hydrolyzed in alkaline solution, nitrites 
are formed in considerable quantity, and various organic salts 
pass into solution, arid that much more alkali is neutralized by 
nitrocellulose than can be accounted for by the nitroxyl groups 
present. They cite an instance where the ester contained 5.04 
nitroxyl groups, but neutralized 9.2-9.5 equivalents of baryta, 
where if the nitroxyl groups only had entered into the reaction, 
but 5.04 equivalents of baryta would have been required. 

*Since nitrocellulose is gradually hydrolyzed both by h^ro- 
gen- and hydroxyl-ions, it follows that a slight hydrolysis must 
inevitably occur, even in pure water, owing to the minute dis¬ 
sociation of the water. Therefore on passing from alkaline to 
acid solution, the velocity of hydrolysis decreases to a minimum 

1. In this connection see E. Mof and A. Saner, Zts. anal. Chem. 
1878, W, 163. M. Hay. Mot. Sci. 1888, Xt, m; Trans. Roy. Soc. Edin. 
1888, S2, 67. L. Maquenne, Ann. Chim. rays. 1891, (6), 24, 8^. M. 
Berthelot, Ann. Chim. Phys. 18^, (3),.(^ 447; Compt. tpnS. 1900, Itt, 
819. J. Nef, Ana. 1^. IM, -181. L. Vi^on and 1. Bay, Compt. rend. 
19021 US, 507; Bull. Soc. Chim. 1903, 2$, 807. . . 
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and then g^ually increases again. Thus, although it is fre¬ 
quently assumed that absolutely pure water is without action 
on nitrocellulose, the assumption is j.'orrect only with certain 
reservations. Hydroxyl-ions are much more reactive than hydro¬ 
gen ions, and hence the minimum velocity occurs in presence of 
a slight excess of hydrogen ions. The concentrations of hydrogen- 
and hydroxyl-ions necessary to produce the minimum velocity of 
hydrolysis can be calculated from the velocities of saponification 
in acid and alkaline solution respectively. 

It has been found that at the hydrolysis takes place 
with minimum velocity, when the concentration of the hydrogen 
ions is 3.7 X 10“* and that of the hydroxyl ions 7.S X 10“ *. Under 
these conditions the guncotton will liberateX 10 * gram-equiv¬ 
alents of acid per liter of water per year. In practice the de¬ 
composition is accelerated by the acid set free. Although gel¬ 
atinized nitrocellulose differs so strongly from guncotton in the 
compactness, yet it undergoes a similar hydrolysis in the presence 
of all«ilis. The saponification equivalent of a nitrocellulose of 
formula considered as containing .').04 nitroxyl groups (containing 
12.84% N) was found to be S.)% in excess of the calculated. 

The appearance of dry nitrocellulose and especially the 
gelatinized ester depends in a large measure upon the atmospheric 
conditions during storage. In a warm, dry atmosphere, sticks 
of gelatinized nitrocellulose gradually became brittle and the 
outer layer pitted, while the sticks shrank in size. At the same 
time, where deterioration is very marked, the color becomes 
darker. In a moist atmosphere there is formed sticky, deliques¬ 
cent products, while the inner portion of the grains is found to 
consist chiefly of oxalic acid. During this deterioration the gun¬ 
cotton gradually loses its explosive properties, and in extreme 
cases can be burned only with difficulty. It has been shown that 
the rate of decomposition is much greater in a moist than «n a 
dry atmosphere, due no doubt to the more favorable conditions 
for hydrolysis by acid decomposition prodycts. ^ 

By storing at different temperatures, the decomposition is 
shown to be progressively more rapid as the temperature rises. 
Silberrad and Farmer statft that at elevated temperature the 
velocity of decomposition is doubled by a rise of five degrees. 
This is an important point in the question of storage in hot 
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climates, and indicates the need for frequent, inqu^ as to the 
stability of nitrocellulose when in storage. • . 

Deterioration due tq storage is shown by a loss both in 
weight and inmitrogen. In the former, a gradual but continual 
loss in weight during storage is noted, which has generally been 
assumed in the case of gelatinized nitrocellulose to be due to 
gradual volatilization of the gelatinizing constituents. However, 
the percentage of volatile matter does not materially decrease, 
the loss in weight being partially due to decomposition of the 
nitric esters, a fact confirmed by measurements of the velocity 
of gas evolution. A decrease in nitrogen percentage also takes 
place in long storage, indicating the breaking down of the nitric 
groups with formation of nitrogen oxides, which partially escape, 
and also catalytically act upon the remaining nitrocellulose. 

The percentage of matter soluble in ether-alcohol also tends 
to increase, and the insoluble nitrocellulose to decrease. The 
acetone-insoluble residue shows a slight tendency to increase, 
probably due to the^ormation of insoluble decomposition products. 

The fact noted* that cellulose nitrates sometimes contract 
mold, and the judgment of Sy* that denitrifying bacteria might 
start a decomposition, led B. Majenkovic’ to study the problem 

1. The work of L. Vignon (Corapt. rend. 1898, 126, 1658; 127, 872; 
abst. J. S. C. I. 1898, 17, 794; 1899, 18, 81; Chem. Centr. 1898, 69, II, 422, 
1M6; Jahr. Chem. 1898, 51, 1378) on the formation of oxy- and hydro- 
cellulose shows plainly that cotton and cotton Waste may, by the nature of 
the treatment to which they are subjected, be partly transformed into oxy- 
c^ulose, which gives an unstable nitrate, and into hydrocellulose, which has 
a different rate of nitration than ordinary cellulose. A. Luck and C. Cross 
(J. S. C. I. 1900, 19, 642; E. P. 5286, 1898) remove such foreign substances 
by means of acetone so diluted with water that it docs not dissolve the higher 
nitrates. W. Will and F. Lenz (Her. 1898, 31, 68) have examined many ni¬ 
trated carbohydrates for stability, in general hnding them unstable. 

O. Guttman, “Manufacture of Explosives," 1905, 2, 49; cf. J. S. C. I. 
1897, 16, 283; 1898, 17, 1180; 1899, 18, 174, 857; 1901, 20, 8, 609; 1902, 21, 
819, 1470; 1903, 22, 511, 924, 1208; 1904, 23, 953, 1903; 1905, 26, 148, 347. 

2. Jour. U. S. Artil., Sept.-Oct., 1903; T. Bokomy (Chem. Ztg. 1806, 
20, 885; abst. T. C. S. 1898, 64, ii, 39; Chem. Centr. 1897, 68 , I, 30*Jahr. 
Chem. 1896, 19, 1031) found that cellulose trinitrate will serve as a food 
supply for molds, if suspended in distilled water containing the requisite 
amount of. mineral matter, and placed in the dark. However, no growth 
was observed if mineral matter be absent. 

3. Rev. d'Art. 1908, 71, 261; Mitteil u. Gegenstande J. Artill. u. 
Geniew. 1907, 509; abst. J. S. C. I. 1907, 28, 1295. M. Jacque, Z. ges. 
Schiess. Spreng. 1910,1 81. reports instances of blocks of compressed pm- 
cotton (containing 15% of water) showing very marked growths of micro¬ 
organisms, but in no case was the nitrogen content or stability of the nitro¬ 
cellulose affected. Attempts to cultivate the spores of A sper^us nfger and 

. p 
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experimentally, from which he concluded that neither cellulose 
nitrates nor glycerol nitrates are directly decomposed by mold, 
but that the cellulose nitrates when plaaed in contact with organic 
matter are superficially decomposed. It appears, therefore, that 
danger of Instability from mold is, at least, a remote one. It is 
to be noted that to prevent molding, small amounts of mercuric 
chloride are added to the cotton. Mercury possesses the property 
of combining with cellulose in a manner which causes the mer¬ 
cury to remain, even after repeated washings. Such nitrocotton 
cemtaining mercury gives a factitious higher stability test. 

A. Saposchnikoff,* in experimenting on cellulose nitrate of 
the formula C24Hji(N03)90ii, found that the temperatures of de- 


Mycetozoa in nitroglycerol and ethyl and amyl nitrates were not successful, 
It is pointed out' that the aigae and aquatic plants produce organic salts, 
especially oxalates, dining decomposition, and that traces of these organic 
salts would adversely affect the heat test of guncotton and nitroglycerol. 
In support of this view the author mentions that in 1907 one of the large 
dynamite factories in Mexico experienced great difficulty in obtaining heat 
tests up to their standard of fifteen minutes at 76°. Investigation showed 
that the cause of the trouble lay in the fact that the water reservoirs and 
channels had considerable quantities of vegetable growths in them, and when 
this was cleared away the heat tests of the guncotton and nitroglycerol 
returned to their normal figures. 

Ulmic bodies, which are closely related to the higher members of the 
acetic series, may also influence the stability of a not thoroiwhly purified 
cellulose nitrate. A. Girard states (Ann, Chim. Phys. 1881, 24, ^7) that 
when hydrocellulose is heated above 80° it is converted into ulmic bodies 
possessing an acid reaction. A. Stem (J. C. S. 1904, $5, 336) doubts the 
accuracy of this statement, bat says that when care is taken to remove all 
traces of acids no such bodies are formed, but ea.sily form with traces of acid. 

According to F. Du Pont and F Sparre (U, S. P. 836704, 1906; abst. 
J. S. C. I. 1907, 26, 553) a cellulose nitrate may be stabilired by removing 
by means of solvents a portion of the unstable bodies. Their process con¬ 
sists in agitating with nitrocellulose, suspended in a liquid in which it is 
insoluble, an emulsion of a solvent of nitrocellulose diluted by a substance 
which is insoluble in the liquid in which the nitrocellulose is suspended, and 
which is not a solvent of nitrocellulose, but is soluble iu the nitrocellulose 
solvent. As an example: 1 part of nitrocellulose suspended in 8 parts of 
water is agitated with 1 part of amyl acetate diluted by 0.25 part of a liquid 
such as amyl alcohol or benzine. See U. S. P. 5035^, 1893; E. P. 15W6, 
1893, for amilar stabilixing processes. . „ __ J. 

1. T. Russ. Phys. Chem. Soc, 1904,36,669; abst them, Centr. 1904,71, 
II, 685; I. S. C. I. 1904,23,935, See J, Russ. Phys. Chem. Soc. 1900,32,375; 
1903, 36, 506; Chem. Centr. 1900, 71, II, 708; 1901, 72, II, 1330ij. C. S. 
1904,16, ii, 614; Bull. Soc. Chim. 1905, 34, 1068; Kbp, Chim. 1906; 8, 188; 
Chem. Ztg. 1904. 28, 674. J. Russ. Phys. Chem. Soc. 1906, IS, IIW; abst, 
C. A. 1907, L 1324; J. C. S. 1907, ^ i, 390; Chem. Zentr. 1907, 78,1,1186; 
Johr. Chem. 1905-1908, II, 977; Seventh Cong. Appl. Chem. 1909, III; 
C. A. 1909, 3 , 2223; J. S. C. I. 1909; 28 , 747; Meyer Jahr. Chem. 1909, 18 , 
333: Wag. Jahr. 1909, 85, I, 434; Zta. Schlw. Spreng. 1909, 4, 441, 462; 
J. Suss. his. Chem. Soc. 1914,48,1102; abst. C. A. 1916,8,1900; J. S. C. I. 
19IS, 84,789. 
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composition can be divided into three zones. Between 1^0° and 
150° all the nitrogen and most of the hydrogen is lost; between 
145° and 130° less of both these^elements are lost; at 125° and 
below, very little nitrogen is liberated, but the water formed is 
still high. Above 100° the substance explodes aftcr^ thirty to 
forty minutes’ heating. The substances liberated are' carbon 
dioxide^ nitric oxid(?, carbon monoxide, nitrogen, and water. 
The appearance of the residue varies considerably with the tem¬ 
perature to which the cellulose nitrate has been subjected. A 
curve is drawn showing the rate of decomposition at various 
temperatures, from which it is deduced that the rate of decom¬ 
position decreases with the fall in temperature. For the inter¬ 
vals 125°-140° (dv/dt)„„ = —24.0 + 0.201t, and for 145°- 
155°, (dv/dt)„„, = —130.5 + 0.98,51. 

In conjunction with W. Jagellowitsch,' he examined the rate 
of decomposition of a specimen of ordinary pyroxylin of the 
approximate composition C24ir29(N0.>)ii09, at seven different tem¬ 
peratures between 12t)° and 150°. The method adopted 
consisted in measuring the volume of gas evolved from a 
weighed quantity of the pyroxylin in a definite interval of time 
at a given temperature^ as recorded* by A. Mittasch. Curves 
constructed by using the volume of gas (v) and the time (t) as 
ordinates had distinct bends, indicating the autocatalytic char¬ 
acter of the reactions. The relation between the temperature and 


the maximum reaction-velocities 



corresponding to the bends 


in the curves, may be represented by two lines, corresponding to 
the equations: 

Between 120° and 130° C., ( - ) = —2.22 -|- 0.011)2t, 

Vdt/„,„» 

BetVieen 135° and 150° C., ( — ) = —04.22 + 0.48t; 

\dt /max 

these lines intersect at the point corresponding to 135°. The 
gaseous decomposition products consisted of carbon dioxide, carbon 
monoxide, nitric oxide and nitrogen; the relative proportions of 


1. J. Russ. Phys. Cheui. Soc. 1905, 11, 820; abst. Clicm. Centr. 1906, 
7T, I, 339; J. S. C. I. 1900. 2S, 198; Meyer Jahr. Chem. 1905, 15, I, .3.39; 
J. C. S. 1006, SO, 

3. zts. ang Chem. 190:i, 1$, 829; abst J. S. C f. 1903, 22, 1203 
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the different gases were not affected to any considerable extent by 
the temperature. At temperatjiras below i:?.")" the solid residue 
contained no hydrogen, while at temperatures above KW it 
contained hardly any nitrogen. 

A. Saposchnikoff and M. Borisoff' have determined that 
nitrocellulose decomposes, not only on ignition, but also at tem¬ 
peratures not sufficiently high to ignite it. On heating a mixture 
of nitrocellulose containing 13.'2.")‘!c of nitrogen with quartz sand 
in an electric thermostat at lo0° ± 1 °, it loses of its weight 

and decomposes according to the equation: C24H2ii.si(NOa)io.70».ji “ 
C20 .uH,.2,O22.k,N, + 2..')SNO -f- 1.8SC(). + 1.9S1CO -|- 2.0f)Ni -f 
10..j2H2O. With nitrocellulose containing 12% of nitrogen, the 
loss in weight is 43.29;, and the equation expressing the decom¬ 
position iCaiHao-rrlNOala.-aOn ).72 “ f.2it.s2ll4.sf ha-sNv.Tft -{- 1 ,,52NO -f- 
I. 42 CO 2 + l.TMCO + 2„'.()N., -f 12 . 1 H)H 20 . 

On comparing these results with the following equations, 
representing the changes on igniting the nitrocellulose; (1) C«Hjb- 
(N 0 .,),i 09 = 12C02-t-12C0-|-S.,')H2 -|- 5..-)N2 -f (iH-aO and (2)CmHs,- 
(N(),i)„0„ = ().S4C02 -f- 10 .MCO -h (I.043CH4 -|- 7.3«Hj -|- 4..5Nj -f 
4.9214-20, it will be seen that the slow combustion occurring at 
the lower temperatures differs from the ignition in yielding a 
solid nitrogenims residue, in giving nitric oxide (and, at the 
l)eginning of the neaction, nitrogen peroxide), and in yielding no 
hydrogen but an increased proportion of water. When heated 
at l.')0° without sand, the nitrocelluloscs decompose more rapidly 
and completely. Thus, the one containing of nitrogen 

loses 91.1% of its weight; ():i.2‘;c of this loss is water and the rest 
a ga.seous mixture having the percentage composition - KO, 27.74; 
CO 2 , 2.5.10; CO, 17.44; Nj, 29.72. 

At 13.5° gaseous mixtures were obtained from the two nitro- 
celluloses having the percentage compositions by volum#; 

Nitrocellulose Nitrocellulose 
' voth with 

i;t,2.5%*N 12%Tg 


NO. M.52 28.33 

CO 2 . 29,38 21.33 

CO. ,.... 13.43 19.67 

.. .... 22.67 30.67 • 


1. J. Russ. Phys. Chem. Soc. 19(H, 3C, 836; abst. I. C. S. 1904, M, i, 
799; Jah». Chem. 1904, 87, 1167; Chem. Centr. 1904, 78, II, 1030; Mey«r 
Jahr. Chem. 1904, M, 369; J. S. C. I. 1904, 28, 1112. 
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In determining the stability of nitrocellulose'and smokeless 
powders derived therefro^i towards ultra-violet light, D. Ber- 
thelot and H! Gaudechon* placed samples over mercury in an 
atmosphere <jf COj and N enclosed in quartz tube^ and exposed 
to the rays from a quartz lamp at controlled temperatures much 
below those at Vhich other portions of the same samples evolved 
gas. All samples gave CO, COj and N, and all but the French 
Service powder “B” gave N 2 O 2 , the powders such as cordite 
M.D. which contain nitroglycerol, yielding the most. 

They also exposed nitrocellulose and nitroglycerol powders 
for 6 hours in thin quartz tubes to the rays from a mercury vapor 
lamp, the tubes being filled either with neutral, oxidizing or 
reducing gases, temperatures being 25°-28°, 40° and 70°-75°, 
and the samples placed 70-80, 50, and 15 mm. respectively from 
the lamp. It was shown by parallel experiments that no gases 
were liberated from the effect of the temperature alone, but did 
take place from th4 ultra-violet light, and in the same manner as 
the slow decomposition normally occurring from the effects of 
heat, moisture, etc. The absence of methane and hydrogen, 
which are characteristic gases of eKplosion, was noted. 

Nitrocellulose’ (collodion cotton) jvhen exposed to the mer¬ 
cury vapor lamp, was found to evolve a mixture of COj, CO, Nj, 
NjO and NO, containing as much as 140% NO, but showed a 
lower stability than “B” powder. In tests of two 6-year old 
service powders, one stabilized with diphenylamine, the other 
with amyl alcohol, the former yielded gas containing 14%, the 
latter 1.7% NO at 75° and 20 mm. from the source of light, while 
both gave no NO at a greater distance and lower temperature. 
In the first instance decomposition was too rapid to be prevented 
by the presence of the stabilizers. 

• E. Berger’ has contributed to the discussion of the theory 
of decomposition of the cellulose nitrates, he holding that the 
first reaction is a saponification of the nitrocellulose molecule, 

1. Compt. rend. 1911, US, 1220; abst. C. A. 1912, S, 806; J. C. S. 1912, 

1A2, ii. 210; J. S. C. 1.1912, SS, 47; Chem. Zentr, 1912, 11 1, 634. See also 
Zts. Sdiiess. Spreng. 1912, 7, 52; abst. C. A. 1012, S, Meyer Jahr. 
Chem. 1611,^341,344. , 

2. D. Berthelot end H. Gaudechw, Compt. rend. 1912, SS4, 201, S14; 
abst. C. A. 1912, 6, 2630; J. S. C. I. 1912, 31, 204, 303; J. C. S. 1912, IK, 
i, 163; U, 394; Chem. Zentr. 1911 K 1.684, 1266. 

3. Bull. Soc. Chim. 1912, U, I-XXV; si«t C A. 1912. C. 8818: Chem. 

Zentr. 1912, 463. 
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the HNOi formed being immediately reduced to NO*. This is 
absorbed still further and reduced more ester. The first 
period of alteration is unacrampanied by any observable phe¬ 
nomenon, but after a time the material loses its poijer of reducing 
the NOi and the HNOj and HNOj formed, in the presence of 
water, begin to accumulate in the cellulose ester. During this 
first period while the guncotton is capable of reducing the NOi 
formed, there is a .sort of reserve of stability and the powder is 
not dangerous. Therefore the problem of stabilization is to pro¬ 
long this first period as much as possible by adding something 
to absorb or neutralize the NOj formed. The hypothesis is cer¬ 
tainly ingenious, and there are facts known which appear to ac¬ 
cord with the ideas advanced. 

The unstable cellulose nitrates removed by the dehydration 
process with 94%-95% alcohol has been reported upon by F. 
Langenscheidt,' he having found the alcohol after use to contain 
5-7 gm. per liter of soluble products of about 9.5% N, evolving 
3.2 cc. NO per gm. in the Obermuller test at 135°. The material 
was obtained by evaporation of a portion of the alcohol and pre¬ 
cipitation with water, followed by long drying at low temperature. 
The precipitate obtained is colloidal, not readily filtered, and it 
was observed that the stability of the cellulose nitrate from which 
this material was removed was appreciably increased by the alco¬ 
hol solvent treatment. 

According to E- Trapani,* if a small quantity of straight 
cellulose nitrate or smokeless powder such as ballistite or cordite, 
be carefully heated until it deflagrates, a pungent odor resembling 
that of formaldehyde is observable. Further, if the cold residue 
is treated with water and sodium carbonate to neutralize the 
nitrous acid formed, the liquid obtained, gives with phcnylhy- 
drazine hydrochloride and sodium nitroprusside, the blue color¬ 
ation characteristic of the presence of formaldehyde. The author 
considers that the formaldehyde may be derived from the residue 
CH(OH).CH]OH, possibly existing in the cellulose nitrate or 

1. Zts. ScUess. Spreng. 1914, •, 64; abst. C. A. 1914, t, 1669. Bra- 

vetta and Panuzani, Zts. Schiess. Sjmng. 1908, S, 233; abst. Wag. Jaht. 
1908,84,1,460. • 

2. Atti. R. Accad. Lincei, 1917, »), 2S, i. 332; Goa. cWm. itaL 1917, 
47 I, 2S0; abst Cbem. Zentr. 1917, I, 2S6; Meyer Jahr. Chem. 1917, 
»;.163; C. A. 1818, 12, 368, 1291; J. a C. I. 1917, M, 907; J. C. 8. 1917, 
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from some analogous chain formed in th'e early stage of the 
decomposition as the^result of processes of denitration. Hydroxy- 
pyruvid acid constitutes one of the thermal decomposition prod¬ 
ucts ot cellulose nitrate, and this may yield formaldehyde by 
further degradation. Its presence is also probably related to 
that of carbon monoxide and hydrogen, which are formed on 
explosion of this ester. 

, Reference has previously been made (see p. 1719) to the 
action of calcium carbonate upon nitrocellulose, and the practice 
of adding small amounts to guncotton as a preservative and ant¬ 
acid. An important contribution to this subject has recently 
appeared by T. Lowry, K. Browning and J. Farmery.' 

As far back as 1S47, P. v. Kerckhoff and F. Reuter" studied 
the decomposition of pyroxylin by steam at 100°, and obtained 
“cellulose dinitrate" or typho\.ylin, as the principal product, con¬ 
taining ().()()% N, and record the separation of a lead salt which 
undoubtedly is identical with the lead hydroxypyryvate prepared 
by W. Willin 1S91.“ 

In ISS.') M. llay' recorded the production of potassium ace¬ 
tate and formate, together with potassium nitrite and nitrate in 
the ratio KNOj.'iKNOj. M. Byrthelot' described the formation 
of polymerization products of aldehyde by the action of KOH 
on ethyl nitrate, and suggested that the formation df nitrites in 
the action of KOH on nitroglycerol might be due to a decomposi¬ 
tion of the nitric ester into glyceraldehyde. Silberrad and Farmer 
(see p. 1707) also detected acetic, formic, nitric and nitrous acids 

1. J. C. .S. 1020, 117, tiec also P. Viiiille, Mem poudres, IS, 
(il, 71, 80; abst. Arms Expl. 1010, 5, 04; C. A. 1010, 4, 961, 1101, 1371. L. 
Leheure, Mem. poudres, 15, 1; abst. C. A. 1010, 4, 1371, 2204. 

2. J. prakt. Chem. 1847, 40, 262, 284; Compt. rend. 1847, 24, 46; 
abst LiebiK & Kopp’s Ann. Kept. 1847-1848, II, 363; Jahr. Chem. 1847-1848, 

I, 1129. Compare also the risumc of the investigations upon guncotton, 

J. prakt. Chem. 1847, 40, 193; 1848, 43, 242; Ann. 1848, 05, ,391; Chem. 
Centr. 18-17. IS, 090. 

3. Ber. 1801, 24, 400; abst. J. .S. C. I. 1891, 10, 578; J. C. S. 1891, 
60, ,542; Chem. Centr. 1891, 62, I, 530; Jahr. Chem. 1801, 44, 1624; Chem. 
Ztg. Rep. 1891, u, 90; Bull. Soc. Chim. 1891, 6 , 668; Meyer Jahr. Chem. 
1891, 1, 333. 

4. Trans. Roy. Soc. Edin. 1885, 32, 67; abst. J. C. S. 1885, 40, 742; 
Proc. U. S. Nav. Inst. 1886, 12. 182; Ber. 1886, 1$, 268; Wag. Jahr. 1886, 
32, 319; Chem. Tech. Rep. 188tl[ 25, 11, 295; Mon. Sci. 1885, 27, 424; J. S. 
C I 1SB5 4 417 

' 5. Compt. Vend. 1900, 131, 619; abst. J. S. C. I. 1900, IS, 1038; Tech. 
Chem. Jahr. 1900, 23, 151; Jahr. Chem. 1900, 83,,614; Chem. Centr. 1900, 
71, 891 ;«J. C. S. 1900, 78, i. 620. 
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among the product^ of decomposition of nitrocellulose which had 
been stored at 54° for 23 weeks, but did not find glycerol or 
cellulose among the products of decompositwi of cordite by water 
or in the presence of alkalis. 

E. Berl and M. Delpy' (see p. 10(13), acting on nitroRlycerol 
by alcoholic KOH, isolated glyceryl ad'-clinitratc, but were un¬ 
able to detect cither the mono nitrate or glycerol itself. 

T. Lowry and co-workers, as the result of their investigations 
upon the decomposition of nitric esters, especially nitrocellulose 
and cordite by lime, have deduced the following: 

1. Hydrolysis or saponification of the normal type is not the 
predominant action when cordite is decomposed by lime in the 
presence of pyridine. 

2. Traces of glycerol rtere detected only when a very large 
excess of pyridine was used; these conditions were also the only 
ones in which a clean, crystalline calcium nitrate was obtained. 
'I'hc calcium dihydroxypynivate is, however, an important prod¬ 
uct of the reattion. 

3. I'wo partly denitrated celluloses, corresponding approx¬ 
imately with the formulas and CuHivOvfNO:!).!, 

were obtained as by-products of incomplete decomposition, but 
no cellulose was obtained when the decom|)osition was carried 
to completion. 

•1. The main action, therefore, appears to be a decomposition 
of the nitric ester into a ketone or aldehyde and a nitrite, instead 
of a hydrolysis to an alcohol and nitric acid. 

The broad question of stabilization of cellulose esters is in 
such a state of fluxation- ■ a transition stage in which generaliza¬ 
tions should be drawn with extreme caution—that in the follow¬ 
ing general summary of our present knowledge of this subject, 
only the points arc emphasized which appear to be fairly well 

1. Bcr IflIO. 43, 1421. In this connection see A. Williamson, I’roc. 
Koy. Soc. IXIM, 7, lilO. R. Railtoii, J. C. S, 1RA5, 7, 222. P. Hms, Zts. 
anal. Chcni. 1874, 13, 2.57, A, Sauer and I{, Ador, Her, 1877, 14, 1982. 
F. Hess and J. Schwab, Sitz. Ber. Wien, Akad. 1877, (2), 75, 702; Ber. 1^8, 
11,192. W. de la Rue and H. Mueller, Ann. 18S9,109,122. C. Beckerhinn, 
Jahr. Chem. 1876. 29, 1009. T. Carlson, Ber. 1907, 41, 4191. W. Will, 
Bcr. 1908, 41, 1114. J, BrOhl, Ber. 1878, 11, 192. A. Bacyer and V. Villiger, 
Ber. 1901, 34, 755. H. Debus and N. Somloff. Ann. 1858, 144, 79, 95. E. 
Berl, Chem. Ztg. 1910, 34, 429. E. Berl and A. Jurrhacn, Zts. ang. Chem. 
1910,23,241. E. Berl and W. Smith, Ber. 1907, 44, 9ft5. J. Meidenheimer 
and F. Heim, Bcr, 1905, 34, 381)4,' Petriew, J. Russ. Phys. Chem, Sge, 
1879, 14, 72. 
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estabibhed, or upon which there is but little,itontroversy. 

1. Nitrated cellulose upon removal from the nitrating ves¬ 
sel contains considerable' amounts of free and some combined 
nitric and sulfuric'acids, which if not removed would soon render 
the product sufficiently unstable to be worthless. • 

2. These products consist of lower cellulose nitrates of a type 
of deficient stabUity, together with (probably) nitrated degrada¬ 
tion products of cellulose such as the nitrates of ojcycellulose and 
hydrocellulose, removable by alcoholic dehydration. 

3. Organic sulfuric esters are formed in relatively small 
amounts, which upon storing split off sulftuic acid, thereby lower¬ 
ing stability, but which are removable by a series of preliminary 
boils in a slightly acid medium, i. e., in presence of the acid re¬ 
maining mechanically attached to the nitrated product, it having 
been shown that the sulfuric esters are more readily decomposed 
by acid solutions than by alkaline liquids, the latter appearing 
to fix the sulfuric grpup.* 

4. In the case of the lower types of cellulose nitrates, tlley are 
more readily attacked by alkalis, and therefore the acid boils 
should be succeeded by a series of short alkali boils to complete 
the stabilization, but not continued too long.® 

5. The nitric acid used for esterifying should be as free as 

1. R. Robertson (J. S. C. I. 1906, 2S, 264) has shown that the sul¬ 
furic acid esters arc more readily decomposed by acid solutions than by 
alkalis. This is similar to the behavior of the cellulose aceto-sulfates (see 
Vol. 'VIII of this series) as described by Cross and' Bevan (Ber. 1905, 38, 
1869). Even with cold water the sulfuric acid residue was split off, but 
much more rapidly with boiling water, whereas alkaline solutions eliminated 
the whole of the acetic acid residue by sapmiiflcation, leaving the sulfuric 
acid ester intact. This is further explained by J. Briggs (J. S. C. T. 1906, 
28, 628) who points out that the sulfuric acid residue in the form —SO(H 
is readily hydrolyzed by water or acids, but becomes —SO(N with alkalis, 
to which it is remarkably stable. Robertson's experiments above, elsewhere 
referred to, therefore pointed to the desirability of the initial boilings being 
long to allow acidity to develop. For this reason the guncotton sh^d not 
be ffieed entirely from the acids of nitration, an acidity of about 1% cal¬ 
culated on the weight of the nitroc^ulose having been found beneficial. , 

2. In the case of the nitric estem, these are readily attacked by alkalis, 
and appear, to be best reipoved by a series of short alkaline boils, which 
should not be continued too long, or decomposition of the cellulose nitrate 
mil result by hydrolysis, and the solubility be ifjminished and the clarity 
of the solutions decreased. Silbenad and Farmer (J. C. S. 1906, 89, 1759) 
measured the velocity with which nitrocot^ is hydrolvzed bv a solution of 
barium hydroxide, and show that it is about 480 times that of the add hydrol- 
yds for &e same strength of sdutions. It therefore is imulvizable to use 
strong alkaline sdutions. Alkaline hydroxides shOuM he avdded and sodium 
carixmte used only when tfie wutd' contains no natural olkalhUty, 
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possible from nitrous acid, on account of the possibility of the 
formation of cellulose nitrites (which see) of deficient stability.* 

6. The sulfuric acid content of the nitrating bath should be 
kept as low as possible.’ 

7. When nitrocellulose is prepared by the disjfiacement meth¬ 
od, stabilization is apparently best obtained by a number of long 
boilings, followed by a series of .shorter ones.’ 

8. The initial cellulose esterified .should be as free from ex¬ 
traneous matter as is possible without submission to a drastic 
purification.’ 

9. Stability is a relative not an absolute expression, efforts 
being to minimize and not to prevent decomposition. 

10. The nearer the approach of the preparation of an ester 
of definite composition, rather than a scries of esters of gradually 
rising nitrogen content, the more nearly permanent can the prod¬ 
uct be stabilized by proper treatment. 

11. The keeping qualities of properly nitrated cellulose are 
functi6ns of the temperature to which it is subjected upon storage 

1. P. Nicolardot and G. Chertier (Compt. rend, 1910, ISt, 719) have 
prepared cellulose nitrites (which sec), which arc very unstable, the higher 
nitrites decomposing before they can be analyzed. A. .Schrimpf (Zts. Schiess. 
Spreng. 1919, 14, 41) shows that nitration of cellulose with mixed acids 
containing nitrous acid gives nitrous esters which are more unstable than 
the normal ester. His view, however, is that instability is not so much due 
to sulfuric esters as to the correspondiiK esters of oxycellulose. 

2. A. Herve (Mon. Shi. 1918, 8S, 193, 241) finds that the proportion 
of sulfuric ester increases as the nitric acid content of the nitrating mixture 
is lowered and the sulfuric acid raised. As the percentage of sulfuric acid 
increases, the stability is lowered, 

3. The first few boilings are carried out in acid water, being so reipi- 
latcd that the acidity in the fiber is sufficient to neutralize the alkalinity 
present in the water. 

4. Will and Lenz (Ber, 1898, 31, 68) consider some of the instability 
in nitrocellulose comes from the presence of impurities present in the original 
cotton, and not completely removed. No doubt in the boiling proceM, the 
major portion of these impurities are hydrolyzed. W. Will (Gui^i. Ztg. 
Celluloid Suppl. 1906, S, 21) considers that the addition of alkali is worth¬ 
less, and 0. Guttmann (Zts. ang. Chem. 1898,11, IKK) considers that the 
practice of adding calcium carborate to wet guncotton should be discontinued. 

In the selection of a suitable substance for checking or diminishing the 
decomposition of nitrocelluiose, it is advizablz tq employ a product which 
is soluble in the gelatinizing agent, otherwise the stabilizer is wt to become 
mixed irregularly. It is also necessary that it should be sumciently non¬ 
volatile, so as not to appreciably evaporate during storage of the nitroi^ton, 
and should be substantially non^eliquescent. The compounds employed 
for this purpose (see Vol. II) shonlS be basic in nature, or if non-basic should 
be capable of reacting with nitrous and nitric adds, the bulk of the sub¬ 
stances employed for this purpose cootaiping either an ethentnd Unking or 
carbonyl groups. 
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after once having been properly purified. Attempts to cgilptilate 
a modulus of decomposition, as a measure or parameter of func¬ 
tion or effect, leave njany points as^et unexplained. 

12. There arc two points in connection with deterioration 
of cellulose esters to*bcar in mind, one being the tim% before 
deterioration commences, and the other the speed of decompo¬ 
sition, once it has commenced. There is no observable or analyti¬ 
cally distinguishable line of demarcation between the two, although 
the question is of exceeding importance and has been discussed 
at great lengths. 

13. Deterioration may be inhihiled, but cannot be prevented. 
Once initiated, it may be attenuated, but not entirely overcome. 

14. The importance of stability is directly as the length of 
time the material is stored before use, i. e., in the peaceful arts it 
has been given less thought than with nitrocellulose for explosives, 
because in the former the material is used shortly after manu¬ 
facture. However, this is an erroneous attitude to take.' 

15. Deterioration in general depends upon (a) initial purity;* 

(b) height and uniformity of temperature during storage; (c) 
atmospheric humidity; and (d) free access to pure air, frequently 
changed. • 


Nitrocellulose Solubility. The various uitrocelhdascs arc 
soluble, or nearly so, in anhydrous acetone, and to a less degree 
in ethyl and amyl acetates and other esters. In the aliphatic 
acetic esters, with increase in molecular weight of alkyl, comes 
decreased solubility, i. e., methyl acetate is a more complete (not 
better) solvent for the nitrocelluloses than is amyl acetate. But 
inasmuch as the hygroscopicity of these esters decreases with' 


increasing molecular weight, the higher esters (butyl and amyl 
acetate) are preferable as solvents in commercial pyroxylin mixtures. 

Ihey are generally insoluble in water, benzine, benzene, 

. ,J'. lamentable that the importance of thorough stabilization is 

msuBieicntly appreciated by users of nitrocellulose in the peaceful arts, for 
a proper realization of the fact that inferior technical results are often due 
to incomplete stabilization undoubtedly accounts for much of the inferior 
^utions, plastics and artificial leather coatings which have been placed upon 
tne market. In the manufacture of nitrocellulose for propellants, the ques¬ 
tion ^stability IS one of self-preservation, because the material is generally 
stored for a cmiaderable length of time before use^, The common effects of 
incoiyplete stabilization in the non-explosive arts ale brittle films, discolora¬ 
tion of dyestuns when added to colored lacquers, and the (leeling of coating 
when plaiM on textUe or metal. In the celluloid industry, considerable ira- 
provem^pts ip ensuring stability have recently beep made, • 
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chloroform, carbon tetrachloride, or fixed oils. All except the 
lower members (the commerci^ly worthless nitrocelluloses) are 
insoluble in pure ethyl ether or alcohol separately. The com¬ 
mercial nitrocelluloses contain small amoupts of fatty matter and 
resins, obtained in most cases from the original cellulose, and these 
bodies are removable by Soxhlct extraction by ether, although in 
properly purified cotton, the amount of such extractive will usually 
be found under 1%. Ethyl alcohol is a solvent only when abso¬ 
lute or nearly so, while methyl alcohol is a much more energetic 
solvent. 

The nitrogen content is not a trustworthy criterion of sol¬ 
ubility, for nitrocelluloses are known containing 10%-11% N 
which are, or are not soluble in amyl acetate. For example, a 
cotton may be nitrated at a comparatively low temperature, and 
after nitration is substantially complete so far as nitrogen con¬ 
tent of the nitrocotton is concerned, if a sample be withdrawn, 
and washed to neutrality in the usual manner, while the bulk of 
the nitrated cotton remains in the nitrating mixture, the temper¬ 
ature of which is considerably elevated, it is possible to produce 
two nitrocottons, in which the sample first withdrawn is com¬ 
pletely soluble in alcohol-ether mixture, while the latter sample 
is substantially insoluble therein, both containing approximately 
the same nitrogen content. The latter sample will have a lower 
viscosity, 'fherc apparently has, as yet, been elucidated no law 
between solubility, viscosity and nitrogen content of nitrocellu¬ 
loses, and many apparently inexplicable anomalies exist in this 
field, quite familiar to those who have lived this art, as distin¬ 
guished from those who have merely studied it. 

The so-called “soluble” nitrocelluloses are distinguished from 
the highly nitrated guncottons by a .solubility in ether-alcohol, 
i. e., ethyl ether and ethyl alcohol, but not in a mijiture of any 
ether or any alcohol. The commercially valuable cellulose nitrates 
are mainly the eight and nine nitric group cellulose esters. Eder 
calls his pentanitrocellulose (Cu) soluble. Mendelejeff has de¬ 
scribed a soluble nitrocellulose (in alcohol-ether) with 12.4% N, 
while Vieille, as wejl as Lunge and Weintraub, were able to 
obtain a soluble ester with twelve nitric groups (decanitrotellu- 
lose). Therefore, it appears that two decanitrocelMoses ejdst, 
or tliat two combinations of lower and higher nitrated celluloses 
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are possible of this nitrogen content, which are or are not soluble 
in ether-alcohol. 

H. Roscoe Eas found a soluble as well as insoluble nitrocellu¬ 
lose (12.8% in connection with his cordite ijivestigations. 
Lunge and Bebie obtained a completely soluble compound with 

.,13.02% N (207.7 tc. NO), and Aspinwall reports he has succeeded 
in preparing a soluble nitrocellulose of 12.91% N, a statement 
corroborated by R. Schupphaus. Lunge has advanced the opinion 
that methods which lead to the formation of soluble nitrocelluloses 
consist in the formation of simpler bodies which are soluble. 

From determinations of the viscosity of mixtures of various 
alcohols and ethers, F. Baker* deduced that dissociation of the 
alcohols takes place in such mixtures, but this dissociation is 
probably associated witli the formation of an ether-alcohol com¬ 
plex, and to this complex the solvent power of these mixtures for 
nitrocellulose is due. There is no definite distinction between 
viscosity-concentration curves (see next topic) showing nuixima 
or minima, and those in which the viscosities all lie between those 
of the two components. He established that the relation derived- 
by C. Lees® is purely empirical, aneVof strictly limited application. 
The evidence found by Baker of the .formation of compound 
molecules such as C2H9O, C4HioO, which apparently have the 
property of dissolving the nitrocellulose, has been questioned by 
E. Bingham* as being inconclusive. He puts forward an alternative 

I. J. C. S. 1912, Ua, 1409; abst. C. A. 1912, 8 , 3042; Bull. Soc. Chim. 
1913. 14, 3; Chera. Zentr. 1912, 83, II, 527. See also M. Appleby, J. C. S. 
1910, S7, 2000. E. Beil and R. Klaye, Zts. Schless. Spreng. 1907, 2, 381. 
0. Faust, Zts. physik. Chem. 1912, 79, 97. *W. Ramsay and J. Shields. 
Zts. physik. Chem. 1893, 12, 433. A. Dunstan, J. C. S. 1904, 85, 817; 1907, 
91, 83; 1909, 95, 1556. 

2. Phil. Mag. 1901, (8), 1, 128; abst. J. C. S. 1901, 80, ii, 148. 

3. J. C. S. 1913, 101, 1266; abst. C. A. 1913, 7, 3438; J. S. C. I. 1913, 
32, 511; Bull. .Soc. Chim. 1913, 14, 1122; Chem. Zentr. 1913, 84, II, 924. 
See «so R. Pribram and A. Handl, Wien. Akad. Ber. 1878, 78, II, 113» T. 
Thorpe and J. Rodger, Phil. Trans. 1894, 185A, 397, 403; G. Knibbs, J. 
Roy. Soc. New South Wales, 1894, 29, 77; 1896, 10, 186; ct. Zts. physik. 
Chem. 1912. 80, 685. J. Traube, Ber. 1886, 19, 871. E. Hagenbach, Pogg. 
Ann. 1860, 109, 385. R. Gartenmeister, Zts. physik. Chem. 1891, 8 , 524. 
H. jacobsem, Arch. I. Anat. Physiol. 1^0, 80. M. Couette, Ann. Chim. 
Phys. 1890, (6), 21, 433. waberforcc, Phil. Mag.' 1891, M, 407. J. Bous- 
sinesq, Compt. rend. 1890, 110, 1160, 1238:1891, 111, 9, 49. O. Reynolds, 
PbU. Trans. 1883, 174, 935; 18^, 177A, 157. E. Bingham and T. Durham, 
Amer. Chem. J. 1911, 48, 281. A. Findlay, Zts. physik. Chem. 1909, 89, 
203. H. Jones and E. Bingham, Amer. Ch^. J. IW, 34, 645; 1906, 35, 
196. See also J. A. C. S. 1911, 33, 1267; Physical Review,.1912, 35, 407. 
0. W^ite, J. Ind. Eng. Chem. 1912, 4, 267. 
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theory in wlrich ether plays but a passive r6ie in causing the asso¬ 
ciated alcohol molecules to split jnto simple molecules, and 
these latter dissolve the cellulose nitrate. This theory, how¬ 
ever, is not applicable to many solvent combinatipns. 

N. Stepanow* found that the maximum solubility is obtain¬ 
able when the proportion of alcohol to ether is as 2 to 3, i. e., 
when the liquids are mixed in about stoicheiometrical proportions. 
The additions of such solvents as acetone, methyl acetate, ethyl 
acetate, amyl acetate increases the solvent power of ether-alcohol, 
while amyl alcohol, benzene, benzine, carbon tetrachloride and 
chloroform attenuate it. The general subject of cellulose ester 
solubility forms the subject matter of Volume II of this series, 
to which the reader is referred for details. 

The “low nitrogen” nitrocelluloses are in general soluble in 
a wider range of solvents, than those of higher nitration, although 
this generalization must be accepted with reserve due to the in¬ 
fluence which the temperature of nitration exerts on the solu¬ 
bility, with but a decreased change in nitrogen content. Thus a 
"11% N” material is usually completely soluble in ether-alcohol, 
while a “13% N” cellulose nitrate may show only a 1%-12% 
solubility. It should be emphasized that nitrogen content is but 
one of the factors governing solubility, and the heterogeneous 
solubility determinations to be found in the literature made by 
investigators of unimpeachable integrity, undoubtedly in many 
instances, may be traced to insufficient recognition of the neces¬ 
sity of using pure solvents, and of obtaining solubility determina¬ 
tions in a strictly comparable manner. In this connection it 
should be noted that commercial ether usually contains a small 
amount of alcohol, and if an ether of this kind be employed for 
solubility examinations, some of the nitrocellulose may be dis¬ 
solved due to the presence of the alcohol in the ether used. • The 
specific gravity of ether used for this piupose should not exceed 
0.72. 

Many of the nitrocelluloses may be roughly characterized by 
varying degrees of solubility in a mixture of alcohol and ether, 
but no qlear-cut line of deqiarcation can be drawn by this test. 
Only as a generality may it be safely said that the e^er-aktflml 

1. ZU. &bies>. Spnng. 1907, 2.43; abat C. A. 1907,1, 10S9; Chem. 
Zentr. 1907, 7% 1,1109; Jahr. Chem. 1900-1908, II, 975.. 
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solubility increases with a decrease in nitrogen in nitrocellulose. 

The yarying solubility of nitrocelluloses of different nitrogen 
content has been taken advantage of by C. Ciutis and G. Andre,' 
who trea^ a guncotton containing certain raijtfures of cellulose di- 
and trinitrates with a solvent capable of dissolving the fonner 
only. In this way the particles of the trinitrate (Ce basis) be¬ 
come coated with, and cemented together by, the dissolved dini¬ 
trate. The pellets are hardened by removal of the solvent by 
any of the usual methods. 

Somewhat similar is the blending method of the International 
Smokeless Powder & Chemical Co.,' who mix in an acetone solu¬ 
tion, nitrocelluloses of 13.75% and 12.75% N respectively, so as 
to produce an explosive of a definite nitrogen content and pro¬ 
pulsive power.' By manipulating the proportion of the two 
nitrocottons introduced, corresponding variations in viscosity, 
toughness and hardness of the colloid are said to be produced. 

'Phe statement is found in the literature that all forms of 
cellulose nitrate are soluble in acetone and acetic ether, and a rough 
method of estimating unchanged cellulo.se has been suggested by dis¬ 
solving the cellulose nitrate In one of these solvents, the insoluble 
portion being cellulose. In many examinations of ethyl acetate- 
insoluble residues from cotton nitration, the author has yet to 
find one free from nitrogen, even after the acetate has been left 
in contact witli the nitrated cotton for periods of as long as two 
weeks, with daily change of solvent. The percentage of nitrogen 
as calculated on the sample dried at 100° has varied from 0.2- 
4.7, thus indicating the presence of nitrogen-contaifiing bodies in 
nitrocotton, insoluble in ethyl acetate. The anomalous results in 
solubility reported by different investigators render accurate gen¬ 
eralizations impossible at the present time. A nitrOcotton of 
12.5% nitrogen may be practically insoluble in ethUr-alcohol or 
may entirely dissolve to a clear and fluid solution. 

„ Bruley’ has studied in great detail the influence of various 
mixed acids and time of nitration on the solubility of the resulting 

1. U. S. P. 575765, 1897. E. P. 19068, 1891; abst. Chem. Centr. 
1893, 84, 1, 808; J. S. C. I. 1893, 12, 63; Cham. Tech. Rep. 1803, 32, 1, 237; 
Tech. Chem. Jahr. 1892-3, 15, 177. Nor. P. 3201, 1892. Can. P. 41524, 
1893. 

2. E. P. 13457, 1903; abst. Chem. Ztg. 1904, 23,1030; J. 8. C. 1.1903, 
22,963. 

c 3. jSem, des Poudres, 1895-96, 3, Hlr 
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nitjocellulose. The results of nitration he finds depend on the 
duration of steeping, the temperature of dipping and steeping, 
and the subsequent steps in purification., ip order to produce 
the same degree of nitration, the steeping should be prolonged in 
projwtion as the nitric acid is reduced in the mixed acids. The 
influence of time of nitration on the “NOj" content and solubility 
is shown in the following table: 


TABLE CXIX—SOLUBILITY OF NITROCELLULOSE 


Duration 

of 

Steeping 

Inferior Colloid 

Superio 

Colloid 

Guncotton 

I 

II 


in 

NO, 
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( 7 

t 

NO, 
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1 f 

NO, 
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'4' 
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165 8 

m 7 

186 8 

94 U 

206 4 
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2 hrs 

•166 8 

95 5 

189 0 

0 

2(KI 4 

8 3 

4 hrs. 

167 8 

93.0 

191 8 • 

96 2 

200 2 

6 8 

() hrs. 

167 8 

94 8 

198 0 

94 1 

210.2 

6.7 

8 hrs. 

166 8 

95 4 

191 8 

96 7 

210 2 

5 6 

12 hrs. 





210 8 

7.4 

24 hrs. 

166 8 

98 1 

io4 0 

9(> 0 

210 6 

10 0 


Increase of temperature .up to 20° increases solubility with 
“colloids” and has a similar tendency with guncottons. 

The following table shows the great variation in solubility 
with alteration in acid mixture and time of steeping. (Bruley's 
researches had in view the securing of a certain desired product 
in the nitration of cellulose.) 

H. de Chardonnet* prepares a readily soluble nitrocellulose by 
heating the cellulose previous to nitration in a current of air at 
150°-170° for 4-8 hours. E. BerE heats the cellulose in an inert 


gas (oxygen-free), such as carbon dioxide, to a high temperature. 
0. Glum & Co.’ heat it with glycerol or oil to 120°-140°. The 


1. E. P. 19.560, 1891; abst. J. S. C. I. 1892, U,*939; J. Soc. iTyers 
Col. 1892, 8 , 19. 

2. Zts, Scheiss. Spren*. 1909,4,81; abst, C. A. 1909, S, 1926; J, S. C. I. 
1006.21, m; Chem. Zentr. 1909, 88,1, 1275; Jabr. Chem. 1900, 82, II, .384; 
Meyer Jaht. Chem. 1909,18,335; Wag. Jhhr, 1909, SS, I, 431. 

3. D. R. P. 217316, 1908; abst. Chem. Zentr. 1910, 81, I, 490; Chem. 
Ztg. Rep. 1910, 14, 47; Chem. Zts. 1909, 9, No. 1670; Wag. Jahr. 1910, 
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General Results as Affected by the Time of Steeping 
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object of these treatments is to partly change the cellulose into 
cellulose hydrates. It is not considered advisable to increase the 
solubility by these methods, as a popr ^ield is obtained in the 
nitrating process and the waste acids from nitration are unduly 
contaminated. In addition, the stabilizing of the. nitrocellulose 
may be difficult. 

To increase the solubility of a nitrocellulose, the method of 
T. Chandelon may be employed.* It consists in heating the 
nitrocellulose under a pressure of 1.5-3 atmospheres in a lead- 
lined autoclave for a variable time in the presence of 1.5%-3% 
of mixture of nitric and sulfuric acids. After preliminary soak¬ 
ing in dilute nitric acid, the nitrocellulose is introduced into the 
autoclave and quickly heated to the desired pressure. During 
the treatment the nitrocellulose loses very slightly in weight, but 
the nitrogen content is not appreciably changed, lire solubility 
figure is greatly increased from an average of 18.25% to an aver¬ 
age of 28.88%. Nitrocellulose which is almost completely soluble 
in ether-alcohol mixtures, gives solutions of greatly decreased 
viscosity after digestion for 1.5 hours at 30 tbs. pressure with 
1.5% acid. The strength and elasticity of the filaments from 
treated nitrocellulose is greater than that of filaments from un¬ 
treated nitrocellulose. The changes undergone by nitrocellulose 
under the pressure-boil are probably physical rather than chem¬ 
ical. They are not permanent and the solubility may be reduced 
to the original figure before treatment if the material is allowed 
to stand for one year in a moist condition in the absence of light. 

From published data, and as the result of his own researches, 
H. Schwarz’ corroborates that the solubility of various kinds of 
nitrocellulose is greatly influenced by the purity and mode of 
preparation of the nitrocellulose, and the purity of the solvents 
employed, and he finds that in particular, while the solubility in 
boiling absolute alcohol was high, it rapidly decreased when wa*er 

1. E. P. 11941, 1911; abst. C. A. 1912, C, 3183; J. S. C. I. 1912, M, 
303. F. P.'429760, 1911; abst. I. S. C. 1. 1911 M, 1281; Kunst. 1912,2,16. 
D. R. P. 2.55067; abst. C. A. 191.3,7,1291; Wag. Jahr. 1912, I, 4*9; Chem. 
Zentr. 1913, 14,1, 363; Chttn. Ztg. Rep. 1913, J7, 36; Zts. ang Chem. 1913, 
28,11, 149; Zts.Schieas.Spreng. 1913,1,61. Belg. P. 225909,1910. Kunst. 

1913, S, 104; abst. C. A. 1913, 7, 1969. 

2. Caout. et Gntta. 1914, lis7964, 7967, 8199, 8359; abst. J. S. C. I. 

1914, SS, 744; C. A. 1914,8,421. 571; J. C. S. 1914, 188, 1,1053; Roll. Chem. 
Beiherte, 1914, 8, 90; Kunst. 1913, 1, 421, 445; Zts ang. Chem. 1914, 77, II, 
230, 231, 504. . 
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was present, becoming practically zero for 88% algphol. Similar 
results were obtained with cold alcohol. Commercial alcohol 
gave somewhat higher i;es^lts probably owing to the impurities 
present. Experiments are also described showing the influence 
of the time o{ nitration of the cellulose. The solubility first rises 
with increased time of nitration, then fluctuates and finally falls. 

In attempts to rectify alcohol containing nitrocellulose in 
solution (probably ethyl alcohol used in hydraulic dehydration 
of cellulose nitrate preparatory to gelatinization), the following 
observations are recorded: 

1. The gelatinous mass that appears in the process of remov¬ 
ing the alcohol by pressure, consists partly of “swollen,” and 
partly of “dissolved” nitrocellulose. 

2. The presence of acetic or nitric acids in the alcohol after 
distillation is due to the decomposition of certain impurities in 
the nitrocellulose that had been dissolved in the alcohol. 

.'i. It is possible that a cellulose nitrite is involved. There 
are always impurities in nitrocellulose that cannot be completely 
removed by the cold water washing process alone. 

4. The dehydration of nitrocellulose by means of alcohol 
represents also a form of stabilization of the treated material. 

.’). Experiments to obtain an acid-free distillate after one dis¬ 
tillation by means of chemical "neutralizers” have not yielded 
satisfactory results. • 

6. With all neutralizers, a portion of the NO from the decom¬ 
position of the nitrocellulose escapes and is carried over by the 
alcohol in the distillation apparatus, so that the acid-containing 
distillate must be neutralized and a^ain distilled. 

7. The solubility of a nitrocellulose is strongly influenced by 
additions or admixtures. 

8. Since the effect produced by neutralizers and their reac¬ 
tion products upon the solubility of nitrocellulose in the tectified 
alcohol can not be measured, it is recommended that careful 
supervision be given to the drying processes and to the rectifica¬ 
tion of the alcohol. 

E. Mulder' has determined the solubility of guncotton in 
ammonium hydroxide and also in <cuprammonium solutions. C. 

1. Scheik. Onderz. 3, II; Onderz. 157; abst. Tahr. Chera. 1803, M, 


568. 
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Haussermann^ has shown that nitrocellulose dissolves at ordinary 
temperatures in HNOs of 1.473 den 5 ity. but slightly. N. Step- 
anow’ has investigated the influence of variation of the propor¬ 
tion in the case of solvent mixtures and the molecular weight of 
the alcohols added, as well as variations due to the presence of 
chloroform, benzene, toluene and phenol, in conjunction with 
different temperatures of the solutions. 

Viscosity of Nitrocellulose. The nitrogen content bears Very 
little relation to viscosity in a nitrocellulose, because the viscosity 
may be varied within comparatively wide limits in the process of 
esterification without a corresponding increase or diminution of 
the percentage of nitrogen in the nitrocotton. Therefore attempts 
to duplicate the viscosity of a cellulose ester solution from con¬ 
siderations of acid mixtures and length of cotton immersion in 
the bath, are futile. The viscosity is also modified to a great ex¬ 
tent by the combination of solvents and the purity of each. Fur¬ 
thermore, where that decrea,sing solubility amounting almost to 
incipient precipitation is reached by the attenuation of a nitro¬ 
cotton solution with a non-solvent, a pseudo-viscosity arises, where¬ 
by as the solution becomes more dilute in nitrocotton from incre¬ 
ment of non-solvent, as the limit of solubility approaches, often the 
viscosity apparently is increa-sed. 

The question of viscosity—from a commercial point of view— 
is of great import, for bronzing liquids, pyroxylin lacquers which 
are either applied by dipping or by brushing, must be made to 
a given "flow,” in order to insure best results. That is, the vis¬ 
cosity must be brought to a standard, while the total non-evapor- 
able solids are not disturbed. Where articles of hardware or 
adornment are given a protective coating of such a lacquer or 
solution, if the fluid be imduly viscous, either from too much 
nitrocotton or from a too ‘heavy” pyroxylin having been ustti, 
less of the excess lacquer will run off the surface before the lacquer 
"sets,” and hence a given volume will show a diminished fovering 
power, without favorable results to counterbalance. 

With such a solution of too heavy viscosity, satisfactory re¬ 
sults are not obtainable by diluting the solution to the required 

1. Zts.' ^hiess. Spreng. 1906, 1, 39; abst. Chem. Centr. 1906, 77, I, 
1196; J. S. C. I. 1906, 25, 444; Jahr. Chem. 1905-8,11,979. 

2. Zts. Sebiess. Spreng. 1907, 2, 43; abst. Chra. Zentr. 1907, 75, I, 

1109;C. A. 1907,l, 1059;Jahr. Chem. 1908-8, II, 975. • , 
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fluidity, for iu so doing the total solids are decreased, with the 
result that sjich a nitrocotfon when dried on a transparent or 
highly polished surface will iridesce and ‘‘rainbow up,” due to 
the tenuity of the film, which also may be to<i thin for proper 
protection. It is for this reason that various pyroxylin manu¬ 
facturers blend "batches" of high and low viscosity to obtain a 
combination of any desired fluidity. 

Just as it is correct to designate a cellulose nitrate as of a 
given nitrogen content, so also is it necessary in lacquer manu¬ 
facture to produce solutions where a given weight per volume of 
nitrated cotton is present in a solution of stated viscosity. In 
the production of artificial filaments and photographic films where 
also solutions of known viscosity are required, the evaporated 
solvents are but imperfectly and partially recovered. From 
motives of economy, therefore, it becomes expedient to use a very 
fluid pyroxylin so that the minimum of viscosity with maximum 
of total solids present will result. In other words, so thatithe loss 
of solvent may be kept as low as possible. 

In general in nitration, the fluidity is always greater with 
increased temperature of nitration, less so with increased time of 
immersion of the cotton in the nitrating bath, other factors re¬ 
maining the same. And ina.smuch as with rise of temperature the 
yield decrea.ses, it follows that a low viscosity is obtained only 
at the expense of the yield, i. c., the greater the fluidity, the less 
obtained. The various degrees of solubility are produced accord¬ 
ing to the strength of the acids used and length of immersion of 
the cellulose, while the viscosity results from a manipulation of 
the temperature of the nitrating bath. It is quite possible to 
produce from the same acid mixture and same source of cellulose 
two samples of nitrocotton, where the one formed at a lower tem- 
pAature (30 “-35°) will be but half as fluid as the othef sample 
nitrated at a higher (5,5 “-65“) degree, amyl acetate, say, being 
used as the solvent ip both instances. In general if the propor¬ 
tion of sulfuric to nitric acid is increased over 3:1, the solubility 
in ether-alcohol, acetone, and amyl acetate increases, while the 
percentage of nitrogen slowly falls, although it is impossible to 
foretell the degree of solubility from the nitrogen percentage alone. 
It is possible to occasionally produce cellulose nitrates soluble in 
95% ethyl alcohol where pure nitric add or nitric add containing 
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less than 10% sulfuric acid is used, their nitrogen content approx¬ 
imating that of octonitrocellulose (’1.13% N). The commercial 
preparation of nitrocottons for films and lacquers is a careful ad¬ 
justment of nitration conditions to embody the minimum of tem- 
peratiue to produce the highest yield of lowest viscosity, rather 
than an endeavor to obtain the greatest weight of nitrate which 
will merely dissolve in the solvent. In any solution where the 
liquids consist of both a solvent and non-solvent (amyl hcetate 
and benzine) the viscosity increases as the point of precipitation 
is neared, due to preponderance of the pyroxylin non-solvent 
(benzine). It would appear from the literature on the subject 
that a mixture of 3 parts ether to 1 part alcohol is the more com¬ 
monly employed solvent for technical use. This, however, is not 
true, amyl acetate and commercial wood alcohol (containing ace¬ 
tone) having practically replaced the ether-alcohol formerly used. 
Even in the manufacture of cinematographic and other continuous 
photc^aphic films where a low evaporative solvent is required, 
the acetates obtained from the lower fusel oil fractions (butyl and 
propyl acetates) combined ,vith wood alcohol, are being used more 
and more, due to their high solvent power and low moisture ab¬ 
sorption during evaporation, thus reducing the tendency toward 
clouding and fogging of the films. 

It has been found unusually difficult to manufacture nitro¬ 
cellulose intended for blasting gelatin, because it must have a 
certain body within rather narrow viscosity limits, and the insol¬ 
uble matter must be reduced to a fraction of 1%. 

ITie curious observation has been made and repeatedly sub¬ 
stantiated, that a nitrocotton solution in ether-alcohol, amyl 
acetate, or acetone, decreases in viscosity upon standing if the 
solution be slightly acid. Thb fact is made use of in the artificial 
silk industry, where, in Germany, Lehner has obtained patent 
protection for the expression “acid^moistened collodion.” If the 
nitratiwi produces a pyroxylin of higher vjscosity than.desirable, 
the solution in ether-alcohol or amyl acetate is made faintly acid 
usually by the addition of 0.2% acetic acid—and exposed to 
the light. The viscosity gradually diminishes, and when it 
reaches the desired pdnt the solutimi is either used in the add 
state or catjefuUy neutralized by alcoholic sodium hydroxide, 
the Kidhim acetate formed being readily soluble^ and henc^ the 
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dearness of the solution unimpaired. Although the viscosity 
of cellulose nitrate solutions .bears no direct relation to the ni¬ 
trogen content, still it reaches its maximum with the highest 
percentage of nitrogen. The presence of traces <jf acid in amyl 
acetate-pyroxylin solutions does not decrease the viscosity as 
quickly or to as" great an extent as the same pyroxylin and same 
f)ercentage of acid dissolved in ether-alcohol. The viscosity of 
solutions sinks with increase of water content in the nitrating 
mixture, and the yield is correspondingly lowered. Nitration of 
the same cotton at 20° for eight hours, at 40° for two hours, or at 
00° for 15-20 minutes, can be made to produce a nitrocellulose 
of substantially the same solubility, but not necessarily of the 
same viscosity. 

In the spinning of artificial filaments, the addition of varying 
amounts of water to the nitrocotton solutions can be made so as 
to 'obtain a series of viscosities over a wide range. For instance, 
J. Douge* specifies that the nitrocellulose must contain from 6% 
to 10% of moisture. J. Stoerk specifies 12% to 20% of water;* 
G. bacroix claims to be able to spin satisfactory filaments with 
. a nitrocellulose containing 35% to 45% of water;’ H. de Char- 
donnet^ describes the use of cotton coivtaining 25% to 30%,; while 
B. Jiilich’ employs 2l%-24%. 

G. Lunge,® and later C. Piest,’ have Aiade experiments as to 

1. U. vS. P. 6991,W, 1902. E. P. 2476, 1902. D. R. Anm. D-11841 
abst. J. A. C. S. 1902, 24, .IlS; J. S. C. 1.190;l. 22, 91; J. Soc. Dyers Col. 1903 
1$, 111; Mon. Sci. 1903, 59, 6; 1906, (3, 322; Chem. Zts. lOaS. 2, 438. 

2. E. P. 26982, 1902; abst. J. S. C. J. 190;i, 22, 1;14,5; J. Soc. Dyers 
Col. 1904, 20, .30; Mon. Sci. 190,3, tt, 322. 

3. E. P. 2192, 190,';. F. P. 35126,'), 1905; abst. J. S. C. I. 1905, 24, 
811; J. Soc. Dyers Col. 1905, 21, 85, 200; Mon. Sci. 1906, «S, 37; 1907, S7, 
600; Chem. Zts. 1905, 4, 539. 

4. E. P. 27527, 1906. F. P. 371544, 1906. U. S. P. 886768, 1907; 
abst. J. S. C. I. 1907, 2B, 1004; J. Soc. Dyers Col. 1908, 24, 118; Mont Sci. 
190/7 87, 600; 1908, 89, 61; 1910, 73, 297. 

5. U. S. P. 410404, 1889; abst. J. Soc. Dyers Col. 1889, S, 167. F. P. 
188304, 1888; abst. Mon. Sci. 1888 32, 1260. E. P. 6270, 1888; abst. J. 
Soc. Dyers Col. 1889, 5, 151. 

6. Zts. ang. Chem. 1906, 19, aiSl; abst. C. A. 1907, 1, 908; J. S. C. I. 
1907, 28, 33; Bull. Soc. Chim. 1907, 2, 493; Chem. Zentr. 1907, M, I, 947; 
Jahr. Chem. 1905-08, II, 981; Meyer Jahr. Chem. 1906, 18, 323; Wag. Jahr. 
1906, 82, 1, 498. 

7. Zts. Schiess. Spreng. 1910, 8 , 409; abst. W ag. Jahr. 1910, 88 , 1, 494; 
Jahr. Chem. 1910, 83, II, 425; Chem. Zentr. 1910, 81, II, 1889; Chem. Ztg. 
Rep. 1911, 38, 35; J. S. C. I. 1911, 30, 60; C. A, 1911, 8, 690. Meyer Jahr, 
Chem. 1910, 20, 327. See C. Piest, Zts. ang. Chem. 1908, '21, 2497; abst. 
Chem. Zentr. 190(1, 80, 1. 474. 
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the influence upon viscosity which is exerted by varying the fac¬ 
tors in the* nitrating bath, and their combined generalizations, 
are as follows: , 

1. Where the cotton is nitrated at higher temperatures, the 
yield of nitrocellulose is lower, the waste acid undergoes radical 
changes due to the oxidizing power of the nitric acid on the cotton, 
so that it can be profitably rejuvenated but one or a few times, 
and not indefinitely as in ordinary practice. 

2. Where the period of nitration is prolonged the viscosity 
is diminished, but this results in a lowering of the productive 
capacity of the plant, and the waste acid is correspondingly 
changed. 

3. Where strongly bleached, tncrcerized or other modified 
cellulose is used, the viscosity is lower, and more thorough 
and prolonged washing of the nitrocotton is necessary in order 
to bring the product to the prescribed standard of stability. 

4. Where mineral acids are added to the pyroxylin solution, 
the viscosity is attenuated in degree dependent upon the length 
of time the pyroxylin has been in contact with the acid and the 
temperature of the solution, and in a much lesser degree to the 
amount of mineral acid present. 

,5. Where glacial acetic acid is added to the nitrocotton in 
solution, the action is similar to (4), except that the action of the 
acid is much less pronounced from the point of reducing the 
viscosity. 

0. Liberal washing and boiling of the nitrocellulose and a 
high degree of stability are conducive to the production of a col¬ 
lodion of relatively low viscosity. 

All nitrocellulose solutions when exposed to sunlight for any 
considerable length of time throw down a slight deposit, and the 
viscosity of the solution diminishes correspondingly. 

According to C. Piest' the diminution in viscosity When 
nitrocellulose solutions are allowed to stand for several months, 
is thought not to depend on increased molecular complexity, but 
to changes in the colloidal state of the solution due to a decrca.se 

1. Zts. ang. Chem. 1911, 24, 968; 1913, 26, 24; abst. J. .S, C. I. 1911, 30, 
836; 1913, ^ 132; C. A. 1911, 5,3163; 1913, 7. 1284; Kunst. 1913, 3, 92; J. 
Soc. Dyers Cd. 1913, 23, 194; J. C. 8. 1911, IN, ii, 586; 1913, 3N, I, 260; 
Chem. Zentr. 1911, 32, II, 358; 1913, 14, I, 1411; Meyer Jahr. Chem. 1911, 
^ 220; Wag. Jahr. 1913. 59, II. 643, 
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in the size of the particles of the disperse phase, “pie viscosity 
is also lessened by impurities as acetaldehyde in tie solvent, and 
by hydrocellulose and 0 ](yc^llulose esters. He claims that the 
rate of filtration of such solutions may be timed and used as a 
check on the decrease in viscosity, but he apparently has not 
taken into consideration the fact that the speed of filtration of a 
nitrocellulose solution may be greatly hampered by small sus¬ 
pended particles which decrease the porosity of the filter by 
clogging the interstices. 

It is a fact that the heavier, the nitrocellulose solution, the 
more the viscosity is lowered by the addition of a nitrocotton of 
lower viscosity, as compared with the calculated viscosity of the 
mixture. In general, an ether-alcohol solution is more viscous 
than an acetone solution of the same nitrocellulose. 

G. MacDonald* accounts for the variable viscosity in one 
and the same solution by the action of light. He found that in 
diffused daylight a. solution of collodion-cotton in acetone dimin¬ 
ished in viscosity one-half upon standing for seven days,'while 
the same solution in the dark diminished but little.’ O. Gutt- 
mann’ has confirmed the results of Piest that the viscosity of 

1. J S. C. I. 1911, 30, 2.S1; abst. Zts. Schiess. Spreng. lull, 6, 389; 
Chem, Zcntr. 1911.82,1, 1902; Meyer Jahr. Chem. 1911,21,340 

2. He found in mixing solutions of low and high viscosity respectively, 
that the more viscous the solutions the more the viscosity was lowered beyond 
the calculated viscosity of the mixture. Mixtures of solutions of different 
strength of the same nitrocellulose in the same solvent, possessed viscosities 
differing little from the calculated values. In general, nitrocellulose solu¬ 
tions become less viscous the more the cotton used has Ireen bleached and 
the higher its copper number. These results indicate that the fall of vis¬ 
cosity is due to the presence of imptuitics» such as esters of oxycellulose. 
The impurities in question are derived from the "d-oxycellulose" formed 
during bleaching, etc., this name being a collective one for all the products 
soluble in sodium hydroxide solution. Normal cottons contain similar 
oxidation products, but to a smaller amount. The experiments described 
by the author show that treatment of cellulose with oxidizing agents, acids, 
and strong alkali solutions, in each ease yields products soluble iig dflute 
alkali solutions (oxycellulose, hydrocellulose, and alkali-cellulose, respec¬ 
tively), which have acid properties, and vary in composition according to 
the strength and nature of the reagent. They are precipitated from the 
alkali solutions by the addition of acids.' The residue undissolved by the 
alkali (a-oxycellidose, a-hydrocellulose, a-cellulose) must be regarded as 
unaltered cellulose, which however, retains small quantities of the "S-” 
products. 

3. Zts. ang. Chem. 1909, 22, 1717; abst. Jahr. Chem. 1909, 62, 11, 
388; C. A. 1910, 4, 109; J. S. C. I. 1909, Jt, 1007; Bull. Soc. Chim. 1909, 8, 
222; Chem. Zentr. 1909, 86, 11, 1285; Meyer Jahr. Chem. 1909, 18, 335: 
Wag. Jahr. 1909, 88, II, 431, 
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strongly bleached nitrocottons is much less. H. Schwarz* has 
pointed out that solutions of nitrocellulose in alcoholic camphor 
are jaorc viscous than ether-alcohol, solutions, the latter in turn 
being more viscous than acetone solutions. In the first case, the 
viscosity is lower than solutions of higher camphor concentrations. 
His results have shown that determinations of viscosity of solu¬ 
tions of nitrocellulose in alcoholic camphor during heating to 60°, 
indicate that the variation in viscosity upon heating is reversible. 
Additon of 1% urea to alcohol-camphor solutions of nitrocellulose 
causes an increase of 10%-1.5% in viscosity, but further additions 
had no effect. 

F. Baker^ has summarized and extended the work of Bruley,’ 
A. I.,ehner,* E. Berl and R. Klaye,*and E. Berl,‘on the viscosity of 
cellulose nitrate solutions, in a study of the relation between 
viscosity and chemical constitution, and has pointed out; that 
in conducting a research of this nature, the nitric esters of cellulose 
present certain very definite advantages over the majority of 
c'olloids from the viewpoint of an investigation into the physical 
properties of their solutions. His object was to establish a quan¬ 
titative relation between the concentration and viscosity of solu¬ 
tions of celluto.se nitrates, and to examine the effect of varying 
the solvents employed. 

In examining the viscosities, solutions not exceeding a con¬ 
centration of 2% were‘mostly employed, and in the solvents as 
stated. The nitrocelluloses used were selected samples of products 
prepared on a large scale, viz., (a) blasting nitrocellulose, as used 
in the manufacture of blasting gelatin, 11.8.5% N, completely 
soluble in ether-alcohol; (b) highly soluble nitrocellulose, as used 
in ballistite, 12.38% N, solubility in ether-alcohol 97.4%; (c) 

1. Zts. Chem. Ind. KoU. 1913, 12, 32; abst. T. S. C. I. 1913, J2, 191; 

C. A. 1913, 7, 2304; 1915, », 3128; J. C. S. 1913, IM, ii, 189; Chem. Zentr. 
1913, 84, I, 1635; Wag. Jahr. 1913, S9, II, 593; Zts. ang. Chem. 1913, 28, 
II, 407; Mon. Sci. 1915, 82, 49. • 

2. J. C. S. 1913, 103, 1653; abst. C. A. 1913, 7, 4069; J. S. C. I. 1913, 
32, 991; Bull. Soc. Chim, 1913, 14, 1475; Chem. Zentr. 1913, 84, II, 18,55. 

3. Mem. Poudres et Salpetres, 1^5-96, 8 , 111. , 

4. Zts. ang.. Chem. 1906, 19, 1583; abst. (!hem. Centr. 1906, 77, II, 
1369; Wag, Jahr. 1906, », II, 394. 

5. Zts. Schiess. Sprang. 1907, 2, 381, 403, abst. C. A. 1908, 2, 184; 
J. S. C. 1.1907, 2^ 1157; J. C. S. 1908, 94, 1, 504; Chem. Zentr. 1908, 79, 1, 
1381; Chem. Ztg. Rep. 1908,32,43* Jahr. Chem. 1905-08, II. 976. 

6. Zts. Schiess. Spreng. 1909,4,81; abst. C. A. 1909,3,1926; J. S. C. I. 
1909, 28, 380; Chem. Zentr. 1909, 80, 1, 1276; Jahr. Chem. 1909, 82, II, 384; 
Meyer JaM. Chem. 1909. 19, 335; Wag. Jahr. 1909. 91,1, 43}, 
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guncotton prepared for the manufacture of cordite, 12.98% N, 
solubility in ether-alcohol 9.6%. The solvents were acetone, 
ethyl formate, methyl, ftljyl, propyl and amyl acetates, ethyl 
butyrate, acetoethyl-o-toluidide, ethyl-o-tolylethylcarbamate, 
ethyl phthala^e, alcohol-ether, methyl alcohol-ethjr, benzylalcohol 
ether, and methyl alcohol-anisole. The ethyl-o-tolylethylcarb- 
amate (tolyletBylurethane) was prepared by the action of ethyl- 
o-toluidine on ethyl chloroformate; it is a colorless oil boiling at 
257° at 755 mm. Phenylethylurethane (b. p. 249° at 760 
mm.) was prepared in a similar way. Both compounds readily 
dissolve the “soluble" kinds of nitrocellulose. The viscosities 
were determined in a series of viscometers of the Ostwald-Poi- 
seuille type and the results are given in tables. The variation of 
viscosity with the concentration of the solution is shown to follow 
the law n = no(l -f ac)'‘, where n and tto are the viscosities of 
the solution and the solvent respectively c is the concentration 
and a and k are constants depending on the nature both of the 
solute and the solvent. For comparing different solveets the 

value of ^ ” was found most convenient. The variation of 


dc 


this constant with different soWents, using the same nitrocellu¬ 
lose, indicated that the better the solvent the lower the viscosity 
of the solution. The nitrocellulose prepared from the mercerized 
celluloses have a much lower viscosity than those from normal 
cellulose, and the similarity of the viscosities of cuprammonium 
solutions of mercerized cellulose and normal cellulose respectively, 
observed by H. Ost* cannot be due to chemical identity of the 
two products, as suggested by him, but probably due to "a change 
in normal cellulose preceding or accompanying its solution in 
cuprammonium. 

The results of Baker are summarized on page 1737. 

* H. Nishida* has investigated the viscosity of nitrocellulose 
in alcoholic camphor, and summarizes his work as follows: 

1. Uastable cellulose nitrates, and those containing free acid 

1. Zts. ang. Chem. 1911, 24. 1892; abst. J. S. C. I. 1911, 30, 1247; 

C. A. 1912, 0, 684; J. C. S. 1911, IM, i, 838; Chem. Zentr. 1911, 02, II, 1619; 
Chem. Ztg. Rep. 1911, 35, 520; Meyer Jahr. Chem. 1911, 21, 220; Wag. 
Jahr. 1911, 57, II, 428. ♦ 

2. Kunst. 1914, 4, 81, 105; abst. Caoutchouc et Gutta, 1914, U, 8103, 
fSOO; J. S. C. 1.1914, », 476; C. A. 1914, 8, 2061; Wag. Jahr. 1914, 00, II, 
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2. Organic bases incfCE^e the viscosity. 

3. Solvents other than camphor and camphor substitutes 

lower the viscosity. , , 

4. It is significantly decreased by a rise in temperature of the 
solution. 

5. Stirring, or the passage of an electric current increases the 
viscosity. 

0. The effect of the addition of inorganic salts is relative; 
however, there exists within the cations and anions a certain 
“chain-effect” (Wirkungskette). 

7. Long standing has no effect after the expiration of a 
definite time. 

8. Additions of oil slightly raise the viscosity. 

9. Aromatic acids generally lower it, while fatty acids raise it. 

10. Phenol generally increases the viscosity. 

11. Hot washings after the removal of the free acid increases 
solubility and diminishes viscosity. 

12. Nitration of long duration generally yields a less viscous 
nitrocellulose, and the same is true of higher nitration temper¬ 
atures, which also influences the yield of nitrocellulose. 

13. Water in the nitrating acids exerts a distinct influence 
upon the viscosity, a content of 18% giving best results. 

14. More important’is the ratio of nitric to sulfuric acids in 
the mixed acids; 23:3.5 gives nitrocellulose of the highest vis¬ 
cosity. 

15. The nitrogen content of the prepared nitrocellulose showed 
no relation to the viscosity. 

16. Bleaching often lowers the viscosity due to the formation 
of oxycellulose. 

*17. After treatment with metallic salts often influenfts the 
viscosity, while stabilizers increase the same. 

18. Tlje lower the moisture, the higher the apparent viscosity. 

19. The viscosity of a mixtiffe of two different nitrocelluloses 
can be approximately calculated by a formula given. 

R. Fric* makes use of the measurement of the viscosity or 
rate of flow of an acetone solution of nitrocellulose, to determine 

1. Compt. rend. 1912, U4, 31; abst. C. A. 1912, ^2531; J. C. S. 1912, 
112, i, 73; J. S. C. I. 1912, U, 92; BuU. Soc. Cbim. 1912,820; Chetb. 
Zentt. 1912, IS, L 694. 
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Jie changes elected by storage. G. Cahen* diminished viscosity 
jy the addition of aluminium chloijde and sodium formate, 
ritanine, Ltd., and P. Bowles* find tlie addition of a small amount 
jf boric acid is advantageous to retain the viscosity in cellulose 
sster solutions, especially the acetate. 

According to O. Carlsson and E. Thall,* the viscosity of solu¬ 
tions of nitrocellulose, acetyl-cellulose, celluloid, and other cellu¬ 
lose esters, is permanently reduced by heating the solutions) while 
preventing the escape of solvent, to a temperature between 60' 
C. and "the temperature at which the ester in question is decom¬ 
posed.” The temperature to which the solution is heated and 
the duration of the heat are correlated; the longer the heating 
and the higher the temperature, the more is the viscosity reduced 
With cellulose acetate, and in a more erratic measure witl 
cellulose nitrate, the viscosity of a solution of the same cellulo8< 
ester will increase with the molecular weight of the solvent in at 
alkyl*ester of a fatty acid, i. e., methyl acetate will produce th( 
lower viscosity (give the lightest flow), as compared with (say) 
amyl acetate. This statement in the author’s experience, ha; 
been repeatedly experimentally verified. Furthermore, the addi 
tion of resins (shellac, mastic, dammar, sandarac, copal) to i 
pyroxylin solution, although the total solids per unit volume ii 
thereby increased, the Viscosity falls materially, i. e., the solution: 
become thinner. Celluloid solutions are less viscous upon thi 
addition of shellac. Where a portion of the solvent in a nitro 
cellulose solution is replaced by non-solvent, if the latter be adde< 
in amounts sufficient to nearly bring the nitrocotton to the poin 
of incipient precipitation, the viscosity increases materially 
Heating a pyroxylin solution under presisure materially lower 
the viscosity, while exhausting the air from a solution at roon 
temperatures, slightly raises the viscosity. • 

To any pyroxylin solution which is too viscous, the additio 
J, F. P. 434868, 1910; abst. J. Soc. Dy.aii Col, 1912, 2t, 85; Mon. Sc 
1913 19 181 * 

2. ’e. P. 136927,1920; abst. C. A. 1920, U, 1227. They find the pn 
ftrred anwont o{ boric acid to be used should be slightly more than suffit^ 
to tonn'a nono-borate with any alkali that may be present, a proportion i 
about. 0.25% of the weight of the varnish having been found suitabt 
AnUHmti up to 1% ate stud not to be harmful, but to possas no odvantag 
The process of D. Sutherland (Can. P. 195669, 1920) is siinilar. The Brltii 
Actopgaw VatsUsh Co. and J. Ward (B. P. 129033; abst. C. A. 1920, 1 
662) employ citric and tartaric adds for the same purpose. 

" P. 136141,1920; abst. C, A. 1920, 14, 1219. 
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of a small amount of denatured alcohol—^usually not more than 
5%—will reduce it entirely, out of proportion to the bulk of 
alcohol added.* Benzene reduces viscosity less than benzine, 
when added to, pyroxylin lacquers in equivalent volumes. It is 
the author’s experience that the longer stapled cottons treated 
under identical conditions produce more viscous nitrates than the 
shorter staple inferior grades. The same cotton nitrated on a 
clear day will give a tougher and more viscous nitrocotton than 
when nitrated on a heavy, damp, foggy day, other conditions 
remaining the same. The manipulation of cotton in the nitrat¬ 
ing bath, afterwards in the washing and boiling processes, and 
finally in the judicious selection of solvents and solvent combina¬ 
tions, to produce solutions of pre-determined “flowable qualities” 
is certainly an art not to be acquired by the mere perusal of text¬ 
books and works on the subject. It appears there is no definite 
connection between brittleness of smokeless powder and the vis¬ 
cosity of their solutibns in ether-alcohol. Cotton nitrated by the 
displacement process can be made to give more uniformly highly vis¬ 
cous nitric esters, than where the centrifugal method of nitration is 
employed. The, process of pulpinff in the purification of nitrated 
cellulose also influences to a marked dggree the viscosity of the 
nitrocotton, decreasing the viscosity where the pulping has been 
carried too far. • 

Such is the influence of the physical form of the fiber on the 
process of nitration, that when flax, ramie and cotton fibers are 
nitrated in compartments of the same bath, the viscosity of the 
nitrated product in ether-alcohol, amyl acetate or acetone, is 
greatest with ramie, lower with flax, and least with cotton. By 
nitrating the first two at a higher temperature than the cotton, 
the viscosity of all three can be made substantially equal, but the 
yield of ramie and flax decreased. The collodion viscosity data 
of T. Chandclon' contains but little that is new. 

The vjscosity as well as the solubility is often materially 
modified by the presence of small amounts of moisture in either 
the cellulose nitrate or the solvents. For instance, the addition 
of small amounts of water (a cellulose ester non-solvent) to an 

1. Kunst. 1914, 4, 4; abst. Bull. Soc. Chim. Belg. 1914, 2S, 24; Chem. 
Zentr. 1914, U, I, 1316; C. A. 1914, S, 1606; J. S. C. I. 1914, 3S, 222; Wag. 
Jahr. 1914, (0, I, 368; Zts. Chem. 1914, 27, II, 603. See alio Tahr. Phot. 
1896, 227. » 
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■ther-alcohol solution, will increase the solubility of the latter for 
litrocellulose. Jn this instance—and usually so—the viscosity 
ncreases with the solubility. , 

The object of the investigations of E. Higgins and E. Pit- 
nan' on the viscosity of pyroxylin solutions, was the comparison 
)f a number of commonly used types of viscosimeters, with re- 
pect to accuracy, facility of manipulation, and range over which 
hey may be advantageously used. In addition with making 
•omparisons of viscosity with the commoner used standards, as 
lUgar solutions, glycerol or castor oil, they have calculated abso- 
ute viscosities as well, in order that direct comparisons may be 
nade between various instnrments. 

Their conclusions are: 

1. Outflow viscosimeters with small orifices are suitable for 
isc with solutions of low viscosity, provided that the kinetic cor- 
ection and the specific gravity are considered. 

2. The steel ball viscosimeter is unsuitable for use except 
vith solutions of very high viscosity and hence is not universally 
ipplicable to pyroxylin solutions. It is unreliable because of the 
lifficulty of obtaining a uniform temperature throughout the 
.'iscous solution in the large tube, in which it is diffiailt to stir the 
iolution without the formation of air bubbles. 

The Stormer viscosimeter has apjjarently the greatest 
ange of all those examined. It has given closely checking re¬ 
sults with solutions varying in viscosity from ten times that of 
water to 200 times that of castor oil at 20° C. The temperature 
s under control and is easily maintained constant once the point 
lesired is reached, since the solution is not removed from the 
container, during the operation. By covering the container, loss 
rf volatile solvent through evaporation is reduced to a minimum 
Manipulation is easy and determinations can l)e made more rap¬ 
idly than with any of the other types investigated. It has the 
further advantage over outflow insstruments of giving true in¬ 
stead of kinematic viscosity. , 

4. The importance of expressing viscosities in absolute unit! 
is emphasized. The additional time required is slight and it! 
expenditure is well repaid; ngt only are all results made of per 
manent value and directly comparable, being entirely independen- 
r. J. Indj Eng. Chem. 1920,12,587. 
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of the instrument employed, but any possibk^tmfusion between 
, the manufacturer and the trade, which often arises due to the 
use of a multiplicity of empirical standards, is entirely avoided. 

A further relationship has been shown by W. Gibson* to 
exist between the viscosity of cellulose solutioi)^ and the viscosity 
of nitrocellulose solutions. The property inherent in cellulose to 
which viscosity is due is transmitted to the nitrated derivative. 
The results indicate that high viscosity in the cellulose is 
accompanied by high viscosity in its derivative. 

The viscosity-concentration airve for cellulose in cupram- 
monium has been studied, but Arrhenius’s simple formula appears- 
only to apply over short ranges of concentration. 

A relationship between viscosity and solubility of cellulose 
in cuprammonium solution is indicated by observations made 
with a variety of celluloses. 

The unprecedented demand for nitrocellulose solvents during 
the recent war, and the imperative need for economy in this 
direction, inau^rated the idea which has now developed into a 
well defined tendency, to diminish as much as practicable the 
viscosity of cellulose esters in order to economize on solvents, i. e., 
to produce solutions of maxinmm total cellulose ester solids, that 
the greatest weight may be deposited on a given area with the 
employment of the minimum fluid portion of the lacquer or 
waterproofing composition. But in this economy of solvents, two 
points must not be lost sight of, one being that a diminution in 
the viscosity factor increases- the cost of production, and the 
other that with decreased viscosity comes a corresponding de- 
■ crease in tensile strength of the cellulose ester film. • The ques¬ 
tion, therefore, is not entirely to produce a product Of lightest 
flow, but to so permute the factors of diminishing viscosity, max¬ 
imum yield.’and satisfactory tensile strength, so that the com- 
paihtive cost is also satisfactory. • 

The viscosity is influenped by the yield, loss of nitric acid 
by fuming, and in wringing, and the contamination of the waste 
acid by solution therein of cellulose and lower nitrated cellulosic 
■bodies, As has been mentioned, the Viscosity rapidly diminishes 
as the temperatme of nitration increases, and with an unusually 
high nitrating temperature, the hydrolyzing action of the sulfuric 
1. J. C. S. 1920, 117, 479-493. 
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acid becomes apparent, and may increase to such an extent as 
to hydrolyze tBe nitrated cellulose to the point where considerable 
passes into solution in the esterizing bath. Tliis causes losses 
not only of cellulose which is dissolved, Sut the acid recovery is 
less, and the amount of acid remaining in the nitrated cellulose 
mechanically is usually increased, due to the semi-gelatinous 
nature of a portion of the nitrocotton, which inhibits the removal 
of spent acid during the wringing operation. 

Where in film formation and pyroxylin leather manufacture 
where the maximum of strength and elasticity are of prime im¬ 
portance, the diminution in viscosity should not be carried to the 
point where solvent recovery is effected at the expense of tensile 
strength. With the advent of the successful modem solvent 
recovery units, this point is receiving more serious consideration. 
It is a question to be decided by the individual art involved, to 
just what extent viscosity should be diminished at the expense 
of tenacity of film and increase in cost of production. 

According to J. Hill' nitrocellulose manufactured at Gretna, 
Scotland, from R. D. B. cotton waste is not a homogeneous sub¬ 
stance, and is separable by sifting through a No. 20 sieve into 
two portions (a) and (b), as follows: 

(a) The finely beaten portion constitutes about S.')%, and 
has a lower viscosity than 

(b) The coarsely boaten portion which constitutes about 

15% of the entire blend, and which contains about' 1.8% of 
nitrocotton spots or “knots,” i. e., about 0.27% of knots in the 
entire blend. These are completely soluble in the optimum sol¬ 
vent, but are much less soluble in other mixtures of ether and alco¬ 
hol, and may be separated from the accompanying rag by treat¬ 
ment with ether-alcohol in the ratio 25: 75. It would thus ap¬ 
pear that the higher viscosity of the coarse portion is due to the 
presence of these "knots." ’ 

He recommends that the fineness test for nitrocellulose (see 
Chapter XI) be superceded or supplemented by a siftinf^ test on 
the following lines: * 

Fifty grams of dry nitrocellulose to be sifted through a No. 
20 sieve, and the portion reraajping on the sieve to be weighed. 
The result of the test to be calculated to the percentage of fine 

1. Exper''™^*»t Ronnrt No. 11(1 (Doraock), Nqv, ?6, 1918. 
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nitrocellulose passing tirough the sieve, and .recorded as the 
"fineness number” of the nitrocotton. The 'above observations 
merit careful experimental consideration. 

W. (jibson and R.*McCall,' in connection with the gelatin- 
ization of cordite R. D. B. so extensively employed as a propellant 
during the past war, the gelatinization being effected by means 
of a mixed'ether-alcohol solvent, have recorded some interesting 
observations in connection with the viscosity of the solutions 
produced, and especially upon the influences affecting the vis¬ 
cosity of such solutions. 

They corroborated a fact already demonstrated, that when 
suitable conditions are cho.scn, the viscosity of an ether-alcohol 
solution of nitrocotton is a useful characteristic, and a fixed cri¬ 
terion. Their solutions were composed of 4 gm. nitrocellulose in 
100 cc. of the solvent combination, but it was observed that the 
viscosity was not a constant value, but in general increased, in 
some instances being so viscous that when determined by the 
ball fall method,* the latter would not fall through them, the 
solution having jellified or gelatinized. It was always those solu¬ 
tions which had a jelly-like appearance that gave an abnormal 
rise in viscosity on standing.* 

In order to arrive at a better understanding of the facts 
they varied the ratio of alcohol to ether, other constants remain 
ing the same, and obtained results as follows: 

VI.SCOSITY OF 4 Gm. NITROCELbULOSIi (12.2% N) IN 100 CC. 01 
RTHER-ALCOHOr. 


Ratio Ether: Alcohol 

Viscosity 

(Vol) 

(Time in Secs.) 

80:20 

160.7 

70:25 

.50 6 

70:30 

;!9 0 

60:40 

28.,8 

.00:50 

23 1 

45:55 

26 1 

40:80 

30 5 

30:70 

90 4 


When the above results are plotted on a graph, it is see 
that thtf minimum viscosity value is obtained when the ratio ( 
ether to alcohol is approximately 55:45 by volume, or aboi 
1.1 to 1 by weight. As the ratio of ether to alcohol is increase 
or decreased, the viscosity rises Until it reaches a maximum < 

1. J. S. C. 1.1020,19,172-T. 

2. W. Gibson and L, Jacobs, J, C. S. 1920, UT, 473.^ 
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80:2() on the one hand, and 30:70 on the other. With ratios 
outside these limits the nitrocotton was^ot dissolved. The opti¬ 
mum solvent for the cellulose ester was that containing ether- 
alcohol in the proportion 55:45 by volume, gel foiraation taking 
place to a greater or lesser extent according as the solvent used 
was removed from, or approached that composition. The solu¬ 
tions obtained with the 80:20 and 30:70 solvents had a decidedly 
jellied appearance. The time of falling of the ball increased in 
all instances on the standing of the mixtures. The values recorded 
are those obtained from the first ball dropped after the solution 
shaken over night, had stood for 1 hour at 20°. 

In one instance where a solvent rich in alcohol was employed, 
the time of the ball fall changed in the manner shown in the 
following table: 

TABLU CXXIV.-ALTI5RATION OP VISCOSITY WITH TIMI5 


od. Initial 

Viscosity, Time of Fall 

(Mina.) 

(Secs.) 

lo 

102 5 

18 

112 2 

21 

117.0 

20 

123.7 

70 

107.6 

101 

230.0 

.370 

801.0 

550 

Very long 


In anotlier instance, with a solvent rich in ether, the time of 
fall of the bajl increased from an initial value of .557 sec. to a fall 
of 019 sec. in a period of 8 hrs. at 20°. 

In order to ascertain to what extent tlie viscosity ether- 
alcohol curve would be influenced by variations in concentra¬ 
tion, the viscosity curves of 3%, 5% and 0% solutions were 
submitted to examination with results as follows: 


Ratio 

Rther: Alcohol 

/e.s. . . . . IS ,.A 




(Vol.) 

3Gm.* 

5 Gm.» 

6 Gm.' 

90:10 

130 2 



80:20 

21.1 



70:30 

10,8 

170 


06:35 


92.0 


60:40 

9 2 

70,4 

260.4 

56:45 


76.6 

250 

50:80 

9.3 

78.5 

200 

46:55 


85.0 

290 

40:80 

10.6 

110 


30:70 • 13.8 . , 

Wnght of nitroceUuI(»e per 100 cc. at ether-alcohol. 












1740 


TBCHNOWGY OP CBLLULOSB BSTERS 


The following table records the relation between concentra¬ 
tion of nitrpcellulose and optimum solvent: 


Concentration of Nitrocellulose 


S(9utions 

Gm. per 100 Cc. Gm. per 100 Gm. 

Viscosity 

(Sec.) 

LogT 

3 • 3.93 

9 . 

0.9542 

4 5 22 

24 

1.3802 

5 6.56 

76 

1.8808 

6 7.80- 

2,50 

2.3979 


S. Arrhenius' obtained a quite similar relationship from meas¬ 
urements of the viscosities of nitrocellulose in acetone solution of 
F. Baker.’ Arrhenius’ formula, which has some theoretical foun¬ 
dation, may be expressed: log ij = 9C —log ijo, where rj and ijo 
are the viscosities of solution and solvent respectively and C is 
the concentration of the nitrocellulose; fl is a number which 
proved to be approximately constant for a narrow range of con¬ 
centrations. 

In order to determine to what extent viscosity was effected 
by nitrogen content in the nitrocellulose, the following results 
were obtained: 


Ratio. 

Ether: Alcohol 
(Vol.) 

Viscosity (Secs.) of Nitrocellulose with 

12.55% N 

11.8% N 

90:10 


Very long 

80:20 

Very long 

198 

75:25 

12 9 


70:30 

7.6 

45 

65:35 

8.5 


60:40 

9.0 

,34.6 

50:50 

17^ 

.32.2 

40:00 

Very long 

'33,2 

,30:70 


,37.6 


The following are the conclusions drawn by these investi¬ 
gators: 

' 1. With a given nitrocellulose, the viscosity of Its ether- 
alcOhol solution is dependent upon the ratio of ether to alcohol, 
and reaches a minimum value at a definite ratio. On either side 
■ 1. Biochem. J. 191^ U, 112; abst. C. A. 1917, 11, 3147; Medd. K. 

Wetenskapsakad. Nobelinst. 1916, J, 13; No. 20; abst. J. C. S. 1917, 112, 
ii, 130; C. A. 1917, ll, 2635; 1918, 12, 1356. See also A. Einstein. Ann. 
Phys. 1906, (4), U, 289; 1911, 34, 591; abst. C. A. 1911, S, 2996. M. Ban- 
ceUin, Compt. rend. 1911, 152, 1382; Zts. Chem. Ind. KoU. 1912, 9, 154; 
abst. C. A. 1912, 6,1250. ^ 

2. I. C. S. 1913, 103, 1663; abst. C. A. 1913, 7, 4069; I. S. C. I. 1913, 
32, 991; BuU. Sop. Chim. 1913, 14, 1476; Chem. Zentr. 19ra, 14, II, 1855; 
Meyai Jahr. Chem. 1913,13, ^6. 
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Of Uus optimum ratio the viscosity rises with increasing steepness. 

2. Within the limits studied, the optimum ratio of ether to 
alcohol does not depend upon the concentration of nitrocellulose 
in solution, but is a characteristic property of the individual 
nitrocellulose, and its determination may be repeatedly made 
with concordant results. It appears the nitrogen content is tlie 
governing factor. 

3. The minimum viscosity of a given nitrocotton sample 
reached in the solvent of optimum concentration is again a defi¬ 
nite and characteristic property, although the value of this mini¬ 
mum viscosity is greatly affected by the origin and treatment of 
Uie nitrocellulose, and thus the determination of this minimum 
affords a useful check on the uniformity of manufacture. 

I. Masson and R. McCall* in elaboration of the work on the 
viscosity of sols of “soluble” nitrocellulose in ether-alcohol mix¬ 
tures of Gibson and McCall as above outlined, have mainly 
investigated mixtures of nitrocellulose with acetone, pure and 
aqueous, as of interest from the viewpoint of their behavior sis 
typical colloidal solutions and suspensions. 

For the experiments with dry nitrocellulose in anhydrous 
acetone, it was found necessary to dry the solvent by prolonged 
contact with calcium chloride, followed by fractional distillation 
with exclusion of water" vapor, owing to the marked effect of 
traces of moisture on viscosity.* They found that in order to 
obtain consistent results, the mixtures must be made up with 
the aid of vigorous initial agitation followed by mechanical shak¬ 
ing until uniformity of composition is ensured, it being found there 
is a slow decrease in viscosity with time. Whereas Gibson and 
McCall found with ether-alcohol sols a much more rapid effect 
in the opposite direction, Masson and McCall determined with 
acetone—either anhydrous or aqueous—that the viscosity rapidly 

1, J. C. S. 1920, U8, 819. 

2. Attention is called to the fact that the ctystalline compound formed 

between acetone and calcium chloride (sec G. Frankforter and 1.. Cohen, 
J. A. C. S. 1914, M, 1103) which is soluble in anhydrous acetone, has a marked 
effect in the coafpilation of nitrocellulose sols. Thus acetone rendered an¬ 
hydrous over caldum chloride, but separated by it from filtraticm alone, formed 
srhh 5% of nitrocellulose a stiff jelly having an apparent viscosity of 6000 
C. G. S. units, whereas when separated from the calcium chloride by dls- 
tillatioa, the acetone gave a mobile s(rf, the viscority of which was 13 nnit*. 
The presence ot a smtdl amount of water largely counteracts this coagulating 
effect, bom whkB it appears that hydrated calcium chloridMiiffen from tte 
acetone compoimd hi this respect. • 
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rises withm a few minutes of mixing, to a maximum value, which 
then grai^ually falls, ant} this was found to hold true with the par¬ 
ticular mixture of ether and alcohol in which the nitrocellulose 
has its lowest viscosity. However, the more widely the com¬ 
position of this solvent deviates from this optimum value, the 
longer is the time required to arrive at its maximum viscosity. 

It would appear that two processes are at work in this con¬ 
nection, first, the absorption of solvent by nitrocellulose accom¬ 
panied by the dispersion of the resulting gel, and second, a change 
in the already dispersed gel to which may probably be ascribed 
a change in the aggregation state of the particles, although not 
necessarily accompanied by any observable alteration in per¬ 
centage composition. With acetone, and with ether-alcohol near 
the optimum, the former process is very rapid, while with other 
ether-alcohol mixtures the absorption of solvent with resulting 
swelling of the particles and decrease in the volume of the sur¬ 
rounding fluid continues for some time, even after the primary 
dispersion has taken place. In all cases, the second process is 
very slow. 

Measurements were matte at 20° of the viscosities of a num¬ 
ber of kinds of nitrocellulose in acetone to which varying propor¬ 
tions of water had been added, the absolute viscosities in concen¬ 
trations in grams per 100 gm. of acetone and water being given 
in the table below, the italicized numbers showing minimum vis¬ 
cosities. 


Percentage 

.-N 

12.3 Per cent. 


N = 

13.0 Pei 

cent. 

of Water 

S 

7 

S.S 

* 10 

5 . 

7 

10 

0 





12.5 



1 

34.2 

213.2 



8.8 

32.0 

232 

2 




451 


26.4 


3 

ii.7 

02.5 

157 3 


6 i 


110 

4 




2i8 

6.0 

20.8 

96.4 

' r> 

ie 

41 4 

90.6 


6.0 


83.3 

6 

8.2 

36.7 

74.0 

i64 

5 Q 

20.2 

81.1 

7 

8.0 

33.8 

73.8 

184 

59 

20.7 

79 5 

8 , 

79 

32.9 

72.5 

144 

5-9 

21.4 

79.7 

9 

7 9 

Ji.7 

693 

138 


23.0 

83.3 

10 

8.1 

35.6 

71.4 

13S 

6.6 

24.6 


a 

8.0 


72.7 

147 



94.9 

12 


36.6 

75.7 


7.3 

^.2 

103 

13 

».i 


79.9 

m 

7.1' 


120 

14 


40.2 






16 

S.6 



iM' 




16 


47.6* 



. . 




t 'Miscibility incomplete. 
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From the above table it will be noted that the viscosities 
in anhydrous acetcme are relatively very high, whereas traces of 
water have a marked effect in diminishing viscosity, the influence 
of the water diminishing with fiulher addition, imtil in still more 
aqueous mixtures the viscosity again rises. Thq;e thus appears 
an optimum solvent composition at which the viscosity is at a 
minimum. When upwards of 12% of water is present in the 
acetone, the liquid no longer permits tlie dispersion ol the nitro¬ 
cellulose, but still induces gelatinization to an extent propor¬ 
tional to the water content. 

The optimum solvent composition is not the same for all 
kinds of nitrocellulose, and is quite independent of concentration. 
With sols in pure acetone, no appreciable concentration of dis¬ 
solved matter was detected by ordinary vapor pressure measure¬ 
ments, the disperse phase presumably consisting of particles of 
cellulose ester gel containing absorbed solvent. 

The viscosities found at 20° in anhydrous acetone are shown 
in till* following table: 

Nitrocellulose, N = 130'^ - Nitroci*lIuI(we, N “ 12.2% 


(jrams 

Per 10() 
Grams of 


Viscosity 

Grams 
Per 100 
(irams of 

Viscwity 

Acetone 


(Absolute) 

Acetone 

(Absolute) 

0 d.3 

(1 792 

0 794 

0 00113 ‘ 

• 0 0002' 

4 43 

35 fi 

5 05 

0 S14 

13 9 

5 0.5 

117.0 

5 6S 

0 817 

2.7 1 

.5 68 

305.0 

15 31 

0.820 

42 7 

6.31 

867 0 

« 

0 82;i 

07 8 



7,.58 

0 827 

100 7 




•Determined with Ostwald viscosimeter. 

They deduce that no quantitative theory can apply to the 
viscosity of emulsoids which docs not take into account the fact 
that the tangential stress, expressed by the viscosity, musj in 
part be expended in keeping the dispersed particles deformed 
against the forces due either to interfacial tension (liquid emul¬ 
sions) or to the internal elasticity of the particles (disjifersed gels). 

According to J. Duclaux and E. Wollman,' nitrocellulose can 
be divided into a number of fractiems, which have widely differ¬ 
ing viscosities in acetone sRlutioos, by fractional precipitation 

1. Bull.Soc. Chim. 1920,27,4I4;abst J. S. C. 1.1920,S»,528-A. 
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from its acetone solution by means of aqueous acetoiji^ or water. 
By repeating this process with the extreme fractions, samples 
were obtained, the viscosities of which in 2% acetone solution 
were as 40:1, and at one end a nitrocellulose was obtained, which 
in 1% acetone,solution was as viscous as pure glycerol. These 
fractions obey the law of mixtures in so far as their viscosities 
are concerned, and the nitrogen content of the different fractions 
from one and the same operation is practically constant. A 
better method of separation of the fractions is probably by filtra¬ 
tion through a series of ultra-filters. The different nitrocelluloses 
can best be characterized and differentiated by osmotic pressure 
measurements. 

Hygroscopicity of Cellulose Nitrates. 'Diis phenomenon is 
undoubtedly intimately associated with the presence of hydroxyl 
groups in the cellulose molecule, and in proportion as these groups 
are suppressed by the introduction of negative acid radicals to 
form the corresponding esters, decreasing attraction for atmos¬ 
pheric moisture results. For instance, whereas cotton normally 
retains from ^%-W% of atmospheric moisture, this percentage 
gradually diminishes from the lower acetylated and nitrated cel- 
lulosic derivatives to those of higljer acetic and nitric content.' 
It has also been generally known that the attraction for atmo¬ 
spheric moisture exhibited by the nitrocelluloses has an important 
bearing on the ballistic properties of propulsive powders of which 
these esters are the characteristic constituent. 

The investigations of C. Beadle* and with O, Dahl’ have 
definitely shown that in a series of nitrated celluloses in wnich 
the nitric content progressively increases^ the proportion of .“nor¬ 
mal hygroscopic moisture” decreases in inverse ratio, and there¬ 
fore the hygroscopicity would appear to be a function of the 
"unsaturated” hydroxyl radicals. 

*W. Will* has made an exhaustive study of the influence* oi 

1. Cross and Bevaii, "CelluIcBe,’’ S. 

2. Chem, News, 1894, 76, 247; abst. Jahr, Chcin. 1894, 47, 1133; Chem, 

Centr. 1895, <86, I, 188. . 

3. Chem. News. 1895, 71, 1; 1890, 7J, 180; abst. Chem. Centr. 1890, 

67, I, 1227; Bcr. 1896, », 1139-R; Jahr. Chem. 1895, 46, 1349; 1890, 46, 
1029. , 

4. Mitt. CentraUt. f. Wiss. Tech. Unters. 1004, No. 4, 1; abst. J. S,. 
C. 1.1905, 14, 148. Meyer, Jahr. Chem. 1904, 14, 3^. See also 0. Masson, 
Proc. Roy. Soc. 1904, 74, 230; abst. J. S. C, I, 1904, IS, 1143; this volume, p. 
516. See also W. WUI. i>. 513. 
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the coinbine<| nitric groups upon the hygroscopic properties of 
cellulose. In order to obtain comparative results, it was found 
necessary to select two limits represen^g the two extremes of 
humidity at which constant equilibria were established. In view 
of the instability of nitrocellulose at higher temperatures, the 
author defines his standard of hygroscopicity as the difference 
between the weights of the materials when dried in an ordinary 
oven at 40° to a constant weight, on the one hand, and when 
exposed to an atmosphere fully saturated with moisture at a tem¬ 
perature of 25° for 24 hours, on the other hand. 

Raw cottons of different origin, cotton waste and hemp all 
had the same hygroscopic value of 7%-8%; purified cotton, rag- 
pulp and wood cellulose showed 0.4%-7% of hygroscopic mois¬ 
ture; jute with 10.8% and the starches with 10.G%-14.1% were 
considerably more hygroscopic than the celluloses. Mechanical 
treatment (pulping) or extraction of the waxes by ether increased 
the hygroscopicity of the raw cotton to nearly 10%, which may 
be regarded as approximately the true value for pure cellulose. 
Treatment with dilute acids and alkalis, on the other hand, de¬ 
creased the affinity of the cellulose for water, as did also the pre¬ 
vious superheating of the cotton above 100°. 

Hygroscopicity of Nitrocelluloses. Tlie determination of the 
hygroscopicity of 65 samples of nitrocellulose, prepared from a 
large variety of different cottons and containing proportions of 
nitrogen ranging from 13.21% to 8.20%, showed that the sum 
of the percentage of nitrogen and the hygroscopic moisture was 
constant in all cases, with a value of about 14.6. This constant 
remains unchanged by various mechanical, physical and chem¬ 
ical treatments, e. g., pulping, solution or gelatinization, treat¬ 
ment with dilute acids or alkalis, partial elimination of the nitro¬ 
gen, complete denitration followed by renitration. The hygro¬ 
scopic moisture was found to have no connection with the degree 
of solubility of the nitrocellulose in ether-alcohol, but depends 
solely on the percentage of nitrogen. Uiptable nitrocelluloses 
show abnormally high values which, however, are reduced to the 
normal when the products are rendered stable by long boiling 
with water. • 

The accompa& 3 ring diagram shows the experimental results 
obtained in tlie alx>ve determinations. The strsught line A 6 
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illustrates the equation H = 14.6 — N, which, hojrever, is only 
correct within certain limits, which comprise most of the nitrates 
of industrial importance- Extrapolation values are better ex- 
„ 334.3 - 23.65N 

pressed by the equation H = - 

^ ^ 31.11 —N 


which takes account 


of the variation in molecular weights of the different nitrates, 
and in which Ihe sum of the hygroscopicity and the nitrogen 
varies with the proportion of nitrogen; this equation is illustrated 
by the curved dotted line C D. 



Fio. 142. —Hygroscopicity op Cm-uitosE Nitrates 


(a) By further drying over sulfuric acid, after drying at 40° 
under ordinary condi lions, all the nitrocelluloses lost a further quan¬ 
tity of water; the sum of the hygroscopic moisture and percentage 
of nitrogen was then no longer a constant, but varied with the 
proportion of nitrogep to a greater extent. The second equation 

, 405.8 — 28.7N 

above was thus changed to ---—. 

H = 31.11 ■— N 

(b) By varying the temperatwe at which the products were 
exposed to a moist saturated atmosphere from 25° to 15° and 5°, 
while adhering to the ordinary method of dryiqg at 40°, the 
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hygrosropic* moisture was considerably increased^ the increase 
being greater from 25“ to 15“ than from 15“ to 5“. In these 
cases the sums of the hygroscopic moisture and nitrogen are con¬ 
stants within the practical limits, the equation beiqg H = 20-1.3 N 
for 15“ and H = 21.0-1.4 N for 5“. 

(c) When the moist equilibrium was established in air of 
various degrees of humidity, short of saturation, an exposure of 
24 hours was necessary before complete interchange was effected. 
It was found that the ratio between the relative humidity of the 
air and the hygroscopicity was only constant up to about 80% 
of saturation. Between 80% and complete saturation, the affin¬ 
ity of the nitrocellulose for moisture increased in a far greater 
measure than the humidity of the air. No constant relation be¬ 
tween the percentage of nitrogen and the hygroscopicity of the 
nitrocellulose could be traced in air below the saturation point. 

Guncotton (N = 13%) as for cordite manufacture, is usually 
dried to a moisture-content of less than 1%. This material, if 
exposed to the atmosphere, absorbs water until its moisture- 
content varies between 1.5%-2%i. The rate of absorption de¬ 
pends on the temperature and degree of saturation of the atmos¬ 
phere. The quantity of moisture present in air-dried guncotton 
does not appreciably alter the rate of combustion of the nitro¬ 
cellulose (compared with the rate for the completely dry material). 
When required for cordite manufacture it is advizable to work as 
near as possible to a definite moisture-content in the guncotton 
so as to have uniform gelatinizing effects from the acetone-water 
mixture. This latter mixtm-e—from the works standpoint—is 
more convenient to keep at constant composition. 

When a sample of dry pure nitrocellulose is immersed in 
water it absorbs 50% of water (on the weight of the dry material.) 
About 8% of moisture is absorbed in the first one or two fhin- 
utes, 1.5%-20% of moisture is absorbed in about 5 minutes, while 
25%-30% is absorbed in a quarter of an hour. No change of 
Volume takes place by the water-absorpfion as the water taken 
up fills the capillary spaces in the fiber. The probable existence 
of hydrates formed by the |ction of water on nitrocellulose has 
been indicated by Haller* and by Chandelon. 

The rate of absorption of water by nitrocellulose depends to 

1. I.es. md. Chim. 2, 420. * 
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a large extent on the presence or absence of certain' substances in 
the ester. Thus a nitrocellulose containing a small quantity of 
wax or oil will generally absorb water relatively slowly. The 
commercial nitsocelluloses contain a small quanti^ of wax and 
oily products. If these substances are removed by ether and 
alcohol extraction, the dry extracted nitrocellulose is more hygro¬ 
scopic than the unextracted material. The wax and the oils pres¬ 
ent in the nitrocellulose have in part come from the original cotton, 
and owing to their stable nature have not been removed during 
the nitration and subsequent purification processes. Part of the 
oil may also be introduced in the factory after the nitration stage. 

To increase this protective influence of waxes, and so render 
guncotton still less hygroscopic, E. Prentice* treats the guncotton 
in the form of fiber, pulp or granules with a solution of wax in 
benzoline. The impregnated guncotton is afterwards dried, when 
it is found that the fibers are coated with a minute layer of wax. 
This layer, it is claimed, prevents the fiber absorbing moisture 
and consequently renders it waterproof. The layer of wax also 
diminishes the rapidity of combustion of the explosive. The addi¬ 
tion of oils, “paraffin tar,” and similar products, have the dis¬ 
advantage, according to E. Steele,* o^ reducing the explosive 
power and general efficiency, and in some cases the danger of 
spontaneous combustion is added. Instead of these compounds he 
prefers an alcoholic solution of nitrated resins. E. Steele’s pat¬ 
ent is claimed for explosives generally, but is particularly applic¬ 
able in the case of explosives containing hygroscopic substances 
such as ammonium nitrate. For explosives .of the latter type 
the process of the Societe Gen. pour la Fabrication de la Dynamite’ 
is also specially applicable. Kieselguhr is added to the explosive 
containing the hygroscopic constituents for the purpose of alj- 
sorfiing any moisture originally present or subsequently takell up 
on storage. An example of such a type of explosive is; Am¬ 
monium nitrate (70 pafts), nitroglycerol (29.1 parts) nitrocotton 

1. E. P. 2768, 1877; abst. Wag. Jahr. 1878, 2«, 466; Chem. Ind. 1878, 

1, 206; Zts. Chem. Grossgewerbe, 1878, S, 680; Jahr. Chem. 1878, SI, 1138, 
Compare in this connection E. P. 1129, 1867; abst. Zts. Chem. Grossgewerbe, 
1878, S, 680. * 

2. E. P. 4115, 1906; abst. I. S. C. I. 1907, 2$, 280; C. A. 1907,1,1489; 
Zts, Schicss. Spreng. 1907, 2, 195. 

_ 3. F. P. 349992, 1904; abet, J. S. C. I. 1906, 2«, 1032; Mon. Sd. 1907, 
«7, 9;,C. A. 1907,1, 1826, 1343. 
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(0.9 part) ktesdguhr (3 parts), all by weight. 

H. de Chardonnert finds that when^tton is heated in a cur¬ 
rent of dry air at 150“-170° and then nitrated a different nitra¬ 
tion product is obtained than that which results from the nitra¬ 
tion of the unheated cotton, and this difference shows itself in a 
greater solubility and lower viscosity. 

The above investigations deal in the main with the study of 
hygroscopicity in relation to ungelatinized nitrocelluloses; N. 
Hansen* has experimentally investigated the amount of hygro¬ 
scopic moisture in gelatinized nitrocellulose powders and has 
worked out a relation between the hygroscopic moisture and the 
thickness of the powder grain. The tubular or strip powder was 
cut in suitable lengths and the loss of weight in drying for three 
hours at 80° determined. Samples of varying thickness were 
thus dried and then exposed to the air for one year, during which 
period daily weighings were made. For a thickness of 0.8 mm. 
or greater, the moisture values follow a curve whose equation is 

V = while for thinner grains the average moisture-content 

Vx 

is practically constant at 2.10%. This is explained by the as¬ 
sumption that the moisture is not confined to the surface but 
penetrates to a depth of about 0.4 mm. 

Density of Nitrocellulose. There is great variation to be 
found in the literature as to statements of the density of cellu¬ 
lose’ and nitrocellulose,’ in ail probability due to the method of 
determination used and to the nature and freedom from moisture 
of the sample operated upon. H. de Mosenthal,’ who has made 
a series of careful determinations of samples from various sources, 

I. D. R. P. 64031; abst. Zts. ang. Chem. 1892, S, 499; Chem. Centr. 
1892, (3, II, 1088; Meyer Jahr. Chem. 1892, 2, 362; Tech. Chem. 

1892-3, 11, 169; Chem. Ztg. 1892, U, 1432; 1893, IT, 1004; Chem. Tech. R^. 
1892, St, II, 164; Chem. Ind. 1892, U, 48S; Wag. Jahr. 1892, 31, 376; Ber. 
1892, 3^ 892-R; Mon. Sci. 1892, 4S, 166; Industriebl. 1892, 368. 

2. Zts. Schiess. Spreng. 1911,«, 461; abst. C. A. 1912,», 931; J. S. C. I. 
1912, 32, 47; Chem. Zentr. 1912, 83, 1, 769. 

3. Watt Diet. Chem. 1, 714, sp. gr. 1.27-1.46; Chemiker Kalender, 1, 
526; Crass and Bevan, "Celltdose," 1895. 

4. O. Guttmao, "Schiess. and &»wjgsmittelw.” 1900. 

5. J. S. C. I. 1904, 23, 292; Ibst. J. C. S. 1904, li i, 1166; J. S. C. I. 

1907, 21, 443; J. Soc. Dyeni Cd. 1904, 28, 292; 1907. 23, 214; abst. C. A. 
1907, 1, 1770; Zts. ang. Chem. 1907, 21, 1970; jahr. Chem. 1908-08, H, 
976: Chem Neuf, 1907,88,189; J. S. C. 1.1911. 782; C. A. 1911, i, 3163; 

J- d a 1911 , i$i, i, 711 . 
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gives 1.52-1.60 as the density of purified cotton, and 1.65 for 
that of nitrocotton.^ The gravimetric density in the pulped 
state is about*0.3. It appears that nitrated celluloses of varying 
degrees of nitration possess practically the same, densities,* and 
1. The method of determination is by means of a 100 cc. Regnault 
picnometer, the wjter being first boiled and then introduced hot after about 
10 gra. of the dried material has been weighed in. The water is allowed to 
soak into the material, again boiled by creating a partial vacuum with the air 
pump in order to remove any remaining air, mechanically assisting the escape 
of remaining bubbles, if necessary. The failure of the water to rise in the 
neck of the picnometer under the Iwll jar of the air pump upon exhaustion, 
or to fall when normal pressure was again restored, was taken as an indication 
that alt air had been removed. The results obtained arc as follows: 


Material Nitrated 

Density of 
Raw Material 

Nitrogen 

IVr cent 

Density of the 
Nitrated Material 
in Water 

Cotton. 

1 007 

13 .5 

1 6t35 


] .t>()7 

i;i 2 

1 0,59 

“ 

1«)" 

12 0.') 

1 07i2 

•* 


12 44 

1 042 



12 37 

1 081 



12 33 

1 070 


i 0117 

12 :i() 

1 0.54 



• 12 29 

1 676 



12 27 

1 000 

'* 


-11 00 

1 058 

“ 


11 30 

1.009 

“ 

1 007 

11 10 

1 075 



11 10 

1.053 


i 607 

10 H6 

1.009 

Wood cellulose.... 

1 .07.5 

;io 

1.715 


1 .57.5 

12 80 

1.059 


1 .57.5 

12.52 

1.073 

Ramie. 

1..570 

.13 22 

1 07R 


1 .570 

11.75 

1 007* 

Flax. 

1 .548 

13.15 

1 68.5* 


1.548 

11.70 

1.641 


• * In benzene ^ 

The above results being concordantly higher than those given by other 
investigators, experiments were made to determine if the apparent dis¬ 
crepancies could be attributable to the use of water. Determinations of 
cidlttlose made with benzme or ethyl alcohol instead of water were concordant, 
while with the nitrated cellulose, lower results were obtained. The failure 
of previous investigators to specify the method and liquid in which density 
determinations were made, no doubt accounts for the variation in results 
to be found in the literature. Disintejgrated nitrated cotton gave same re¬ 
sults as also that deposited from solution, either by precipitation or evapora¬ 
tion. D«isities of the nitrates in solution were found to follow the normal 
rule that the density of a solid in solution is different from, and higher than 
•in the solid state. 

• 2. Viz., the increase in weight during nitration is nearly compensated 
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that therefore, density determinations are of little value in differ¬ 
entiating between the various nitrated celluloses. B. Wehrhahn,* 
gives the density as 1.66. 

According to R. Escales, the spedfic gravity of loose gun¬ 
cotton in flocks is 0.1, in the pulped state 0.3, while compressed 
guncotton varies from 1.15 to 1.4. The absolute Specific gravity 
of guncotton is 1.634. For blasting purposes, guncotton is more 
efficient the greater the density, and for such uses a density as 
high as 1.40 is desirable. For consideration of the influence of 
pressure on blasting power of guncotton, see the topic on blasting 
in Volume VII. For methods of determinating density of nitro¬ 
cellulose, see Chapter XI of this volume. 

Optical Properties. Considerable discrepancies are found in 
the literature as to the behavior of the various cellulose nitrates 
with respect to polarized light. In Muspratt vStohmann’s Chem¬ 
istry,'^ published in 1369, appears the statement that guncotton 
upon examination under the microscope in polarized light shows 
substantially no color, whereas cotton fiber under the same con¬ 
ditions of examination shows variegated colors. 

G. Kindt in 1S47’ states there are distinguishable differences 
between guncotton and ordinary cotton when observed under 
the microscope under polarization in that all the fibers of crude 
cotton are light and show Ixjautiful colors even where the light 
is greatly reduced, whqreas guncotton is not so light and shows 
no colors or but dull ones. 

M. Bonet* studied the decomposition of guncotton in diffused , 
(or by the increase in volume. 

According to H. PebCTStorff (Zts. f. phys. Chem. Vnterr.; abst. Chem. 
Centr. lOO.'j, 76, I, 864) the sp. gr. of nitrocellulose is l .'Vi.S by weighing in 
air and in water; and 1.56 by air and by suspension in potassium iodide solu¬ 
tion. 


1. Chem. Ztg. 181)3, 17, 1004; abst. Tech. Jahr. 1803-4, 16, 169. 

2 SeeG. Lunge. J, A. C.S. 1901, 23,.5:15. 

•I- Pogg. Ann. 1847, 70, 168; Berz.-Jahr, Chem. 26, 351; Jahr. Chem. 
1847-8, 1, 1137; Dingl. Poly. 1847, 103, 214, • 

4. Compt. rend. 1861, 53, 405; abst. Chem. Centr. 1862, 33, 612; 
Jahr. Chem. 1861, M, 712; J, prakt. Chem. 1862, 65, 380; Rep. Chim. Pure,. 
1862, Mo; Wag. Jahr. 1861, 7, 517; Dingl. PoW. 1861, 162, 137: Poly. Centr. 
1861, 27, 1519, A. Lallemand (Ann, Chim. Phys. 1871, (4), 22, 200; abst. 
Jahr. Chem. 1871. 26, 176) has measured the intensity of the pdaiircd light 
given off when light is passed through collodion. C. Zakrtewski and C. 
Kraft (Anz. Akad. Wiss. Krakau, 1905, 506; abst. Chem. Centr. 1905, 76, 
ir, 17.71; Bull. Soc. Chim. 1906, 30, 437) have measured the directimi taken 
by light rays in douUy refracting liquids while in motion, and including 
collodiou. For investigations of A- Bichamp on the rotatory power <g 
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light, which was evident to him by the development of red colors, 
the decomposition product showing light disper*i<bs'not apparent 
before decomposition had set in. 

0. Lohse,* in his investigations upon the spectrum of light 
of exploding guncotton found the most remarkable feature to be 
the widening of the sodium lines, especially the more refrangible, 
so that in some cases the space between them is quite obliterated. 
This appears^o have a direct relation to the violence of the explosion. 

Morton Liebschiitz* asserts his ability to recognize dodeca- 
nitrocellulose tmder the polarized microscope by the greater 
brilliancy of color, decanitrate by the true blue color, and octo- 
nitrocellulose by means of compounded colors in which the yellow 
strongly predominates. 

According to H. de Chardonnet,’ nitrated cotton containing 
up to 6.9% N may be recognized without difficulty only by a few 
large shrunken fibers; from 6.0% to 9.1% nitrogen there are 
more such fibers recognizable, and in addition a few rainbow 
colored ones; from 9.1.)% nitrogen upward, the fibers appear 
more uniformly gray; while from 10% to 11.28% the fibers appear 
as purple or dark blue, and light blue, the last color becoming 
more predominant as the nitrogen in the nitrocellulose increases. 
When all the fibers are of an ecjual light blue color, the polariza¬ 
tion is said to be complete. 

In a later communication, Chardonijet^ goes into detail as 
to the appearance of nitrocellulose under the polariscope, in¬ 
cluding the compounds from the pentanitrate (8.32% nitrogen) 
to the decanitrate (12.75% nitrogen), the following conclusion 
being drawn: 

It is stated that each nitro-compound is characterized by a 
pyroxylin, see Compt. rend. 1884, 99, 1027; 1885. US, 117, 279, 368, 456; 
abst. Bull. Soc. Chim. 1885, 43, 611; J. C. S. 1885, 49, 237; Jahr. Chem. 
1884, 37, 303; 1885, U, 340. 

, 1. O. Lohse, Pogg. Ann. 1873, IM, 641; abst. Amer. Chem. 1874, 5, 
138; J. C. S. 1875, U, 119; Chem. Centr. 1874, 49, 113; Jahr. Chelh. 1873, 
M, 151. 

2. Mon. Sci. 1891, (3), 33, 119; abst. Chem. Centr. 1891, 92, I, 517; 
Jahr. Chem., 1891, 44, 2564; Chem. Ztg. Rep. 1891, U, 51; Chem. Tech. 
Rep. 1891, 39, I, 218; Meyer Jahr. Chem. 1891, 1, 336; Tech. Chem. Jahr. 
1890-1,13,170. 

3. Cf. H. Wyss-Naef, Zts. ang. Chem. 1899, U, 31; abst. J. S. C. I. 
1899, U, 364; Chem. Centr. 1899, U, I. m-, Wag. Jahr. 1899, 4^ 944. C. 
Sueveni, "Die KOnstliche Seide," 1900, 25: 

4. Compt. rend. 1907, 149, 115; abst. J. S, C, I, 1907, 29, 892; Cfiem, 
Zentr, 1907,71,11,1458, 
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different appearance in polarized light, the polariscope even being 
capable of difi«rentiating the definite nitrates contained in a mix¬ 
ture. The relation between chemical composition and the appear¬ 
ance of the cellulose nitrate in polarized.light remains constant, 
even though variations exist in the materials employed, method 
of preparation, diameter of fiber, and solubility in ether-alcohol. 
Cellulose nitrate recovered from solution in ether-alcohol or other 
solvent still retains its characteristic appearance in polarized light, 
and if partial denitration has been carried out, the lower nitrate 
retains the appearance characteristic of that particular step in 
nitration. Nitration is uniform throughout the entire thickness 
of the walls of the fibers. Pyroxylin, under certain circumstances, 
apparently contains what may be designated as water of constitu¬ 
tion, and in these conditions the ether-alcohol solutions are less 
viscous and much clearer. The fibers, irrespective of the degree 
of nitration, always appear brilliantly yellow or white in polarized 
light. 

I,. Vignon' has investigated the optical activities of cellulose 
and nitrocellulose, using for this purpose cotton dried at 110° 
and nitrated by a mixture of sulfuric acid 38.95%, nitric acid 
42.1,5% and water 18.9%;, the purified product obtained in the 
dry state contained 10.5% of nitrogen and at a composition 
approximately of a dinitrocellulose (on the C« basis) examined 
under the polariscope in ether-alcohol in a concentration of 1.4043 
gm. per 100 cc., showed a specific rotatory power of -fl9.3°, 
while a solution of 3.848 gm. per 100 cc. of acetone gave a rotation 
of -t-21.1°. Similar experiments carried on with cellulose thio- 
carbonate were inactive, due to the impossibility of obtaining 
sufficiently clear solutions of high concentration for accurate 
rotatory determinations. 

H. de Mosenthal,’ who has made careful microscopic exam- 

I. Bull. Soc. Chim. 1904, 31, 105; Jahr. Chera. 1904, 57, 1167; Chem. 
Centr. 1904, 75, 1, 651; J. S. C. 1.1904, 23, 202. In this connection compart, 
A. Bechamp, Compt. rend 1856, 42, 1213; Inst. 1856, 235; Jahr. Chem. 
1856, 9, 674; Ann. 1856, 100, 367; J. prairt. Chem. 18.56, $9, 449; Compt. rend. 
1885, 100, 117, 279; Jahr. Chem. 1885, 30, 340; J. C. S. 1885, 40, 237; Ber. 
1885, 10, 113, 141; Bull. Soc. Chim. 1885, 43, 661‘Chem. News,*1884, 5^ 
300; 1885, 51, 142; A. Uvallois, Compt. tend. 1884, 90, 44, 732; 1884, 99, 
43, 1122; 1885, 100, 466; Jahr. Chem. 1884, 37, 302, 303; 1885, 30, 340; j. 
C. S. 1884, 4% 577, 833, 1288; 1885, 49, 369, 500; Ber. 1884, 17, 206, m-, 
1885, 18, 64; Chem. News, 1881, 49,«124, 190; Bull. Soc. Chim. 1884, 43, 83, 
613. 

2. J. S. C. I. 1904, 23, 292; Mon. Sd. 1904, 01, 759; Jahr. Chem. 1904, 
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ination, dqxjlarization, density, refraction, optical activity and 
dial 3 rsis of cotton, nitrated cotton, wood. Cellulose, ramie 
and flax, concludes that nitrocellulose of the same degree 
of nitration, dried by different methods as to temperature, add 
mixture and time of immersion, shows different colors in polar¬ 
ized light, bfit the appearance differs markedly with’the raw 
material used. Accor^g to his conclusions, diy fibers do not 
present the same appearance as when moistened, and the colors 
vary, not only with different moistening liquids, but also with 
the same liquid at different dilutions. They are affected by the 
degree of magnification, and of course appear differently, depend¬ 
ing upon the source of the light, i. e., daylight or artificial light. 
That the appearance of nitrated fibers in polarized light should 
be a function of the method and of the degree of nitration, and 
that different kinds of fibers when nitrated should not be iden¬ 
tical seems quite feasible, when it is considered that the change 
of color is due to changes in the anisotropic condition of the fiber 
brought about by physical influences, and can be entirely de¬ 
pendent upon chemical changes. Furthermore, samples of cellu¬ 
lose triacetate when examined under polarized light appeared light 
blue, thus closely resembling the highest nitrocellulose examined, 
while samples of cellulose mohoacetate tmder similar conditions 
appeared brilliant, tmlike any nitrocellulose fiber. However, when 
viewed with ordinary light the fibers appear contracted as de¬ 
scribed by Chardonnet for the lowest cellulose nitrates. The 
author’s results confirmed the observations of Vignon that cellu¬ 
lose nitrate is dextro-rotatory. 

The conclusion is drawn that cellulose is optically active and 
therefore that the cellulose must contain one or more asymmetric 
carbon atoms. 

G. Lunge,* alone and in conjunction with E. Weintraub,* 
has been imable to corroborate these observations injtheir en- 


57, 1166; J. S. C. I. 1907, 26, 443; C. A. 1907, 1, 1770; Zts. ang. Chem. 1907, 
25, 1970; Jahr. Chem. 190M, 11, 976; J. Soc. Dyers Col. 1907, 2J, 214; 
Chem. News, 1907, 95, 189; J. S. C. I. 1911, 80, 782; C. A. 1911, 5, 3163; 
J. C. S. 1911, 105, i, 71lrChem, Centr. 1904, 75, 1, 1628, 1646; 1907, 78, II, 


687 ,^ 9 . 

1. J. A. C. S. 1901, 23, 636; Chem. Ceotr. 1901, 72, II, 764; J. S. C. I. 
1901, 20, 1021. 

2. Zts. ang. Chem. 1899, 12, 441; Chem. Centr. 1899. It, I, 1177, 
1272; J. S. C. 1.1899, 11, 682; Jahr. Chem. 1899, 52, 1302. See Chem. News, 
1904, 0^ 148. 


« 



MltXOCBIXUUlSS fHSORY 


1761 


tirety, but finds that the nuue highly nitrated celluloses appear 
blue in polarized light, while product? with nitrocellulose per¬ 
centages falling between 13.9% and 13% cannot be definitely 
distinguished from each other polarimetrically. *While it was 
found that as the nitrogen percentage increased the blue color 
becomes less intense, but never turns gray or colorless, from ob¬ 
servations, however, in many respects they are so confiictii^ as 
to lead them to the conclusion that the only result which can be 
determined with certainty was the appearance of unchanged 
cellulose, and this was apparent by its various strong flashes up 
in yellow, orange and variegated (riunbow colors), while highly 
nitrated products from 12.75% nitrogen upward, are distinguished 
by flashing up more strongly in the blue colors. Best results are 
obtainable by examination of the fiber moistened with 50% 
aqueous alcohol, or for permanent mounts, Canada balsam ren¬ 
dered fluid with benzene or xylene. 

J. Hiibner and W. Pope* experienced considerable difficulty 
in making observations, due to the transparency of the fiber, 
and especially in Canada balsam moimts, on accoimt of the fact 
that the refractive index of cotton only differs from hard Canada 
balsam by 0.004.“ 

A. Trowbridge* has studied the optical properties of the 
cellulose nitrates with the object of determining whether it would 
prove a suitable substance with which to coat rock salt surfaces 
in order to preserve polished surfaces soluble in water. He found 
the extinction coefficient of collodion is practically negligible in 

1. J. S. C. I. 1904, JS, 404; abst. Jahr. Chem. 1904. S7, 1812; Chem. 

Centr. 1904, 7S, I, 162S; Mon. Sci. 1906, S4, 192; Zts. ang. Chem. 1904, IT, 
777; Wag. jahr. 1904, N, 11, 444. For the microscopic structure of nitro¬ 
cellulose, refer to T. Bolcomejr, Chem. Ztg. 1896, 21, 986; abst. Jahr. Chem. 
1896, 103; Meyer Jahr. Chem. 1986, «, 309. , 

2. The author has made nearly daily microscopical examinations of 

&bers in hard balsam, and finds no difficulty in obtaining clear definitirm, 
if the light is “turned low/’ by closing both iris diaphragms. The eoloced 
frontispiece in Guttmann "Twenty Years of Explosives,” 1909, is^ exceUent 
iUnstration of nitrated and unnitiated cotton fiber. 'The structure of a 
nitrated cotton is rendered more distinct and stereoscopic by means of first 
motstening the mount with alcobd, as has been mentioned by Haitig (Unter- 
sachnngmi fiber den Bestand und V^riniagen der explonven Baumwrffie, 
Bcannsweig, 1847). • 

3. Hiyskal Review, 1908, 27, S39; 1908, 27, 282; abst. C. A 1909, 2. 

19. See ate B. Aschkroass, Wied. Ann. Fbys. 189S, SS, iOl-, abst Jidu. 
Ctem. 1806, 4L 246. W. Julius, Verb, Kon. Akad. Wetensch. Amsterdam, 
1893, Sect I, No. 1, 49: abst Wied. Ann. Fhys. BeiUfitter, 1888, 0, 34; 
ahst Jahr. CAem. 1893,48,168. ^ 
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the region between the visible spectrum and X = 6 m - In this 
region a rock salt plate (5r prism is more transparent when coated 
with a thin film of collodion than it is without being coated. In 
the region from 6/< to 10 a there are two narrdW absorption bands 
and one ejstended band in the region of absorption for all of 
which the extinction coefficient attains values great enough to 
cause well-marked surface color. He finds that two 
strong absorption bands and one weak double one is shown. 
The positions of the strong bands are X = 5.89a and X = 7.79a. 
The former of these is so narrow that it might well serve as a 
reference point in the infra-red spectrum.' 

C. Hutchins^ has described tests of thin films for use as win¬ 
dows of radiometric instruments, to avoid absorption, often of 
20%, occuring in the ordinary quartz or rock salt windows. The 
films were made from a collodion of guncotton or celluloid dis¬ 
solved in amyl .acetate, by gently placing a drop of the collodion 
on the surface of clean water, on which it spread to a thickness 
when dry, of '/jo to '/lo of a wave length of light, as measured 
by interference or calculated from the weight, area, and density 
of the films. These films may be picked up on a wire ring, and 
are strong enough not to break from shock. The absorption of 
such a film at wave lengths near lO/i is less than 1%. The same 
collodion is also very efficient in protecting rock salt windows and 
silver mirrors from the action of the air without interfering with 
their optical properties. 

J. Magnin’ has found that lyhen various classes of nitro¬ 
cellulose and black or smokeless powder are exposed to the action 
of Rontgen rays for three minutes, no change is observable at the 
end of the irradiation period; the explosive power is not affected, 
aifd no change in composition could be detected. ^ 

These experiments were preliminary to an examination of 
the observations of Girard and Bordas,' which indicate the pos¬ 
sibility of employing Rontgen rays in the testing of bombs and 
explosive shells. 

1. He neglects to state a very important point—the percentage of 
nitrogen in the nitrocellulose experimented upon. 

2. Amer. J. Sci. 1912, S4, 274; abst. C. A. 1912, 6, 3364; Chem. Zentr. 
1912, n, 11, 1714. 

3. Anales soc. quim. Argentina, 2, 49; abst. C. A. 1914 8, 3859. 

4. Annalescd'hygiene, 35, 385; abst. C. A. 1914, 8, SSSO. See Peval 
E. P.' Appl. 16254, 1916, on preservation or^reBuction of depolymerixing ' 
action of light rays on cellulose esters. 
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D. Berthelot and H. Gaudechon’ have made extensive in¬ 
vestigations of the photolytic decomposition of nitrocellulose and 
smokeless powder by means of ultra-violet rays ’ It was found 

1. Conipt. rend. 1911, 153, 1220; abst. J, S. C. I. 1912, *31, 47; Compt. 
rend. 1912 IM, 201, 614; abst. C. A. 1912, 6, 26:10; Zts. Scbicss. Spreng. 
1912, 7, 52. 

They exposed samples of nitroi'cllulose and nitroglyccrol powders for 
six hours in thin quarU tubes to the rays from a mercury vapor lamp. In 
various experiments performed, the Uibes containing the powders were filled 
with neutral, oxidizing or reducing gases. Kxperiments were made at 25*- 

40® and 70® to 75®, the powder samples being at distances of 70 to 80, 
50 and 15 mms.. respectively, from the lamp It was shown by parallel ex¬ 
periments that no gases resulted from the efTcct of the atmosphere alone on 
the powders. The decomposition resulting from the ultra-violet light pro¬ 
ceeds in the same manner as slow decomposition normally occurring from the 
effects of heat, moisture, etc. The gases produced were carbon monoxide, 
carbon dioxide, nitrogen, nitrous oxide and nitric oxide. The absence of 
methane and hydrogen, which are characteristic gases of explosion, was ob¬ 
served. Nitrocellulose powders suffered no change in appearance but changed 
in color and exudation of nitroglyccrol less than other powders containing 
that body. Nitrocellulose and nitrocellulose powders evolved carbon mon¬ 
oxide, carbon dioxide and nitrogen but no nitric oxide, whereas the nitro¬ 
glyccrol powders gave off nitric oxide in addition and also gave greater 
volumes of gas. The pre.sence of an atmosiihcrc of nitrogen did not prevent 
the evolution of nitrogen from the powders but in an atmosphere of carbon 
dioxide there was no COj evolved. The effect of ultra-violet light in hasten¬ 
ing the decomposition of smokeless powders, they claim, should l>c made the 
basis of a test for instability. 

They also found (Compt. rend. 1912, 154, 201; abst. C. A. 1912, €, 
2530) that by exposure in thin <iuartz tulies containing mercury and an 
atmosphere of nitrogen to rays from a mercury vapor lamp, collodion cotton 
evolved a mixture of gases as at>ovc described containing less NO than with 
nitroglyccrol but it also showed less stability than the French service powder 
which yielded no oxides of nitrogen in former tests In tests of two service 
powders (6 years old), one stabili/ed With diphcnylaiuine and the other with 
amyl alcohol, the former yielded gas containing 14%, the latter 1.7% nitric 
oxide at 75® at 20 mm. from the source of light, while both gave no NO at a 
greater distance and at a lower temperature. In the first instance, decom¬ 
position was too rapid to be prevented by the presence of stabilizers. The 
high amount of NO, in the judgment of the investigators, probably resulted 
from the decomposition of the nitroso-diphenylamine formed during the six 
years life of the powder. The stabilized service powders gave no nitrous 
gases. Experiments were also conducted to determine the stability of tb# 
powder by means of the relative action of tenth normal KOH solution on the 
powder for a period of 30 minutes at various temperatures, the excess of 
alkali remaining being titrated back with acid. 

2. Sejvice powders "B" containing no ni^rot^lycerol, were submitted 
to the action of ultra-violet rays. The “B” iwwders were in the form of 
flakes, 5 mm. by 15 mm., and the cordite, ballistitc, etc., were in the form of 
cylinders, 15-20 mm. long and 5-8 mm. in diameter. The quantities taken 
in the experiments were from 0.25-0.46 gm. The samples were placed in 
quartz tubes over mercury in atmo^heres of carbon dioxide and nitrogen, 
and were exposed to the light from a ouartz mercury lamp. The samples, 
kept ftt a temperature of from 25®~28*, were placed at a distance of from 
70^ mm. from »lamp, and in other cases at a temperature of 40* at a 
distance (A 50 nun. The decomposition was proved to be dtfe to the ac^oh 
oi the ultra-violet rays, similar samples, heated at d8*-70*, showing no signs 
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in coUoiding cotton in thin quartz tubes contammg mercury and 

of evolution of gas. The French Service powder "B” remained unaltered in 
appearance under the conditions of the experiments, while powders con¬ 
taining nitrOglycerol changed in color and showed signs of exudation of 
nitrogTyceroli'and this ktter phenomenon was njpre marked at the lower 
temperatures. The following tables give the composition of the gases evolved 
with the various powders mentioned, the results in Table CXXXI being ob¬ 
tained aft& exposure for 6 hours in an atmosphere of nitrogen, and those in 
Table CXXXII after the same time of exposure in an atmosphere of carbon 
dioxide: 


TABLE CXXXI 



Carbon 

monoxide 

Carbon 

dioxide 

Nitric 

oxide 

Nitrogen 

"B” powder (1897) in amyl 
alcohol. 

m 

23 


31 

C.G. powder (collodion cot¬ 
ton, dinitrotoluene and 
20 per cent, nitroglycerol) 
Powder containing 25 per 
cent, of nitroguanidine.. 


30 

7 

41 


29 

20 

36 

Ci powder, containing ni¬ 
troglycerol (26 per cent.), 
nitrocellulose (72), and 
sodium bicarbonate (3 
per cent.). 


40 

9 

27 


TABLE CXXXII 



Nitric 

oxide 

Carbon 

monoxide 

Nitrogen 

Nitrous 

oxide 

"B" powder (1903) contain¬ 
ing 2 per cent, of amyl 
alcohol. 


38 

62. 


"B" powder (1909) contain¬ 
ing 8 per cent, of amyl 
alcohol. 


53 

39 

8 

Ballistite (1889) containing 

2 per cent, of aniline- 

20 

45 

32 

3 

Ballistite (S.A.) containing 

2 per cent, of diphenyl- 
amine. 

16 

48 

4 

34 

2 

M.D. Cordite (1906). 

26 

44 

26 

4 

A.I. powder containing ni¬ 
troglycerol (25 per cent.), 

• nitrocotton (72), and 
sodium bicarbonate (3 
per cent.). 

27c 

40 

• 

29 

4 


It was noted that when the powders were siurounded by atmospheresof 
carbon dioxide that no appreciable amount of carbon dioude was evolved 
during decompositlaa. In some instances, a riight absorption of this m 
took place. Tte authors consider that as the French Service powder "B" 
does not evolve nitric oxide, under the rimditfens quoted ht the experiments, 
that it is of gieater staUhty than the proprilants cantainln| nitragijrcenL 
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admitting ei nitration the rays from the mercury vapor lamp 
evolved carbon dioxide, carbon monoxide, nitrous oxide and a 
small amount of nitric oxide, but showed less stability than French 
service powder, which yielded practically no oxides of nitrogen. 
In snbs^uent investigations' it was found decomposition pro¬ 
ceeded too rapidly to be prevented by the stabili&r, the Ugh 
amount of NO probably resulting from a decomposition of the 
nitrosodiphenylamine, formed during the several years’ storage of 
the powder. 

H. Affibroim* has made extensive examination of nitrocellu- 
loses of different degrees of nitration in the polarization-micro- 
scope in which he has shown that with rising nitrogen content the 
double refraction, at first positive, diminishes to zero, and then 
again increases in the negative in relation to the longitudinal 
direction of the fiber. With monochromatic light of wave length 
435 It II the character of the double refraction changes at about 
11.8% N and at somewhat higher nitrogen contents for light of 
greater wave length. Examination of individual fibers showed 
that the nitration was uniform throughout the length of the fiber, 
but the several fibers in a sample of the same material sometimes 
exUbited differences indicating that a number of fibers were not 
uniform to a greater extent than others. These results, accord¬ 
ing to the author, show there is a distinct relation between the 
nitrogen content and the optical properties of the nitrocelluloses 
and indicate to Um that the use of the polarization microscope 
should prove of great service in the nitrocellulose industry. 

The color of pure nitrocellulose when ungelatinized is sub¬ 
stantially wUte, but more often has a slight brown tint due to 
traces of iron oxide precipitated in the fibers during the various 
processes of washing incidental to elimination of the nitric add, 
and the proper stabilizing of the cellulose nitrate. When stored 
in the wet condition, nitrocellulose frequently becomes darfe 

I. J. S. C. I. 1904, 23, 292; abst. Mon. Sci. 1904, 63, 759; Jahr. Chcffl 
1904, S7, 1166; Chem. Centr. 1904, 75, I, 1626, 1646. J. S. C. I. 1907, 26 
443; abst. C. A. 1907, 1, 1770; Zts. ang. Chem. 1907, 21, 1970; Jahr. Chem 
1905-08, n, 976; J. Soc. Dyers Color, 1907, 23, 214*. Chem. Newi, 1907, M 
189: Chem. Zentr. 1907, 76, II, 687, a)39. J. S. C. I. 1911, 36, ^2; abst 
C. A. 1911, 6, 3163; J. C. S. 1911, 366, i, 711. "The important observatloa 
o( H. de Moseathal on the optical and other tn-operties of nitroceilulose," 

2. KoUoid Zts. 1913, U, 200,*abst. J. S. C. I. 1913, ti 991; C. A 
19141,422; Wi^ Jahr. 1913,66,1, 467; Kunst. 1914,4,2337Chem. Zenti 
1918, «,n, 2175 
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especially upon the surface, consequent to the rapid growth of 
various fungi. These organisms are mostly found .on the surface 
of the fiber of the nitrocellulose (see p. 1802). 

Dissolved nitrocellulose usually gives a lower heat test. 
Nitrocellhlose may be dialyzed, but the data available upon the 
dialysis and Osmosis are not yet suffieientl 3 i advanced to admit 
of acairate generalizations. 

Electrical Properties. When dry guncotton is rubbed be¬ 
tween the fingers, especially at a moderately warm temperature, 
its fibers become strongly electrified and will adhere to the hand.' 
Gaiffe'' states that when nitrocotton is rubbed in the dark sparks 
may be observed. The slight electrical detonations are very 
distinct and are especially noticeable in freshly prepared nitro¬ 
cotton. In the dark a slight phosphorescence may also be ob¬ 
served. The electrical effect is most marked when the nitro¬ 
cotton is rubbed on cat’s skin. 

The electrical phenomenon noticed on rubbing is intensified 
the more the nitrocotton is heated, the latter becoming very 
strongly charged with negative electricity; when the nitrocotton 
is near its explosive point the electrical charge is especially great.* 

This risk of an electric charge must be taken into considera¬ 
tion during the “stoving” of .guncotton. If the explosive is dried 
on wocKleu racks, these racks should be connected by metal strips 
to earth. 0. Guttniann suggests that copper plates should be 
provided for drying, having conical apertures of 'U mm. diameter 
on top and 1 mm. on the bottom, thus rendering it impossible 
for them to be clogged by the nitrocotton. To prevent friction, 
the plates may be covered with leather on the edges, and are con¬ 
nected with each other by metallic strips which are "carried into 
the ground. 

In addition to the electrification of ungelatinized guncotton 

1. Plates for static electric machines have been constructed by dis- 
solvins nitrated cellulose, forming large sheets or films and prassing these 
together into a plate, after which they arc cut or sawed into the desired shape 
and thiekness. R. Fortun and E. Seniprun (E. P. 8280, 1901) have devized 
a process for making separators for use in a secondary galvanic battery, by 
superficially nitrating shSet cardboard, and applying a coat of silicate paint 
to the dried surfaces. J. Fordred, Pharm. J. Trans. $, 318. Guthrie, Phot. 
News, 1880, 24, 217; Les Mondes, 1880, S3, 437. C. Widemann, Compt. 
rend. 1880„9I, 893. 

2. Compt. rend. 1847. 24, 88; absl. Berz. Jahr. 1849, 28, 361. 

3. Cavalli. Defers, of K. Vet. Akad. Forehl. 3, 321; abst. Berz. Jahr. 
1848, 27, 418. 
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by the passage of a current of warm air over it, there is also the 
possibility cf nitrocellulose powders generating electricity. 0. 
Guttmann’ records the following instance which occurred at 
“Nobels" factory at Ardeer: a workman wearing rubber-soled 
shoes on a lead-covered floor was attending to a reeling machine, 
allowing strands of gelatinized nitrocellulose to p9ss through his 
right hand. In order to join a strand he dipped a finger into a 
l)owl of acetone, when he felt a shock and a spark pa.ssed from 
his finger into the acetone. On experimenting, these results were 
always obtained under the same conditions, but when a brass nail 
was inserted through the sole, earthing the man through the 
leaden floor, nothing happened.’ Shoes with copper rivets for 
similar operations have since been adopted in most explosive 
factories. 

Mcynier’ has prepared by nitration of tissue, a product which 
produces sparks several cms. long, when brought near an electro- 
phorous. The nitrated product is produced thus: Into 15 parts 
of a mixture of sulfuric (63%) and nitric acids (47%) is plunged 
1 part by weight of tissue (such as linen, cotton or calico). The 
nitration is allowed to proceed for one hour. The acid is then 
thoroughly washed out of the fiber. The therapeutic use of such 
nitration products for the production of static electricity is also 
suggested. 

In connection with the electrical properties of nitrocottons 
a reference may be made to the decomposition of gelatinized 
nitrocotton by galvanic current.* Collodion is a very poor con¬ 
ductor of electricity and only when the poles are brought very 
close together is a current transmitted. There is then a slight 
gas evolution at the negative pole, while the positive one is 
covered by a colorless jelly, which detonates when dry and ignited. 

Not only does collodion conduct an electric current weakly,’ 
but only when the poles approach to almost touching. At tfie 
negative pole there is a slight evolution of gas. It has usually 
been assumed that sulfur becomes negatively charged when 

1. "The Manufacture of Explosives,” p. 60. * 

2. Kept. H. M. Inspec. Explosives, 1901, 37. 

3. Compt. tend. 1848, 28, 44. 

4. A. Brester, Arch. Neerland. dcs Sci. exactes et Nat. 1866, 1, 296; 
abst. N. Arch. pb. Nat 28, 60; Zm. Chem. 1866, 9, 690; Jahr. Chem. 1866, 
19, 84. See also Lacroix, F. P. 88026, 1869. 

5. Jahr. Chem. 1866, 19, 88. 



1768 


TBCHNOLOOY OS CBUTOOSB. BSTBRS 


rubbed with all other substances, just as cats fur becomes posi¬ 
tively charged. J. Johnston*, however, has shown^that when 
sulfur is rubbed with pyroxylin paper it becomes positively 
charged, which is also the ease with sealing wax and amber. The 
most prondunced action results when guncotton is rubbed with 
vulcanized caoutchouc, opposite results being obtained when 
the caoutchouc is rubbed with flannel. Even glass becomes 
strongly charged when rubbed with nitrocellulose. 

Physical Properties of Collodion Membranes. The useful¬ 
ness of collodion membranes in osmotic and other physical experi¬ 
ments are becoming more fully appreciated by chemists and physi¬ 
cists. As far back as 1855, A. Pick’ recognized the usefulness 
of collodion membranes in the study of diffusion phenomena; 
W. Schumacher’ devized a method of making closed collodion 
sacs, with which he carried out various experiments; J. Baranet- 
zky,’ who has published a lengthy article on the subject, worked 
exclusively with collodion solutions, his results showing that 
cellulose nitrate films are distingirished from animal membranes, 
parchment paper or cellulose by a diminished permeability for 
saline solutions. Gorslinc’ records that peptone, albumose, 
albumin, starch, dextrin and certain enzymes in from 0.5%-l% 
solutions all dialyzed through it collodion membrane in less than 
twenty-four hours at a temperatiue of 35° in quantities sufficient 
to be readily recognizable. G. Malfitano’ in filtering a colloid 
through collodion found that the major portion had refused to 
dialyze. H. Bierry and J. Giaja’ made the discovery that pan¬ 
creatic secretion having passed through a collodion membrane 
refused to hydrolyze starch or maltose, but that on adding a 
halogen electrolyte, the inhibited activity of the enzyme was 

1. Amer. J. Sci. 1864, 37, 11.5; abst. Amer. Drug. Circ. 8, 68; Amer. J. 
Pharm. 36, 268; Proc. Amer. Pharm. Assoc. 1864, tZ, 165; Poly. Centr. 
1864. 30, 701. 

2. Pogg. Ann. 1855, 94, 59; abst. Ann. 1857, 302, 97; Phh. M«g. 1855, 
(4), 30, 30; Jahr. Chem. 1855, 8, 7; 1856, 9, 15. 

3. Pogg. Ann. 1860, 330, 337. 

4. Pogg. Ann. 1872, 147, 195; abst. J. C. S. 1873, 26, 346; Jahr. Chem. 
1872, 26, 28. 

5. "Contributions to Medical Research," 1903, 390. 

6. Compt. rend. 1905, 140, 1245; 1^ 660; abst. Chem. Mews, 1905, 
81, 261; 92, 237; 1906, 94, ,36; J. C. S. 1905. 88, ii, 459; 1906, 90, ii, 33; Chem. 
Centr. 1906, 78, II, 20, 1660, 1778; Jahr, Chem. 1905-8,1, 2674, 2675, 2878, 

7. Compt. rend. soc. Bi<d. 1907, 62, 432. 
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restored apparently vrithout loss of power. E- Gripon* found 
that collodion membranes reflect ligEj and polarize it like glass 
both by transmission and reflection, and also that they reflect 
a very much larger proportion of radiant heat, for the study of 
which they are preferable to mica. J. Mattliews,* who has made 
numerous qualitative experiments with collodion membranes, 
finds that they are not true semipermeable osmotic membranes, 
but permit the passage of solute as well as solvent, from which 
the author infers that when osmotic action takes place it consists 
of a major and a minor emrent in opposite directions. In experi¬ 
ments in which a solution is placed on one side of the membrane 
and a different solvent on the other, no transference was found 
imless at least one of the solvents is capable of wetting the mem¬ 
brane or the latter contains a trace of alcohol. He claims the 
direction and extent of the osmotic action is a question of relative 
solubility. S. Bigelow’ alone, and with A. Gemberling* has 
studied the effects of forcing a pure liquid through one and the 
same or through different membranes at varying pressures and 
temperatures so as to obtain comparable numerical values. The 
apparatus employed consisted of a vertical glass tube, to the 
lower end of which was fixed a brass holder having an opening 
15 mm. in diameter closed by a flat membrane of the given material 
held in position by means of a metal ring and screws. At right 
angles above the holder there was a calibrated capillary tube 
provided with mm. scales for measuring the volumes of liquid 
passing through the membranes, and some distance above this 
there was a stopcock in the vertical tube. The pressure was 
obtained and regulated by means of two mercury bulbs 10 cm. 
in diameter, the lower fixed in place and the other movable. In 
using the apparatus, the membrane holder and vertical tube 

1. Compt. rend. 1876, M, 882; abst. Chem. News, 1876, 81, 206; J. 
C. S. 1876, 28, 728; Jahr. Chem. 1876, 28, 118. 

2. J. Phys. Chem. 1910, 14, 281; abst. Jahr. Chem. 1910, 81, I, 46. 
J. Duclaux (F. P. 461786, 1913; abst. C. A. 1914, 8, 2484) Uhs described a 
process for purifying nitrocellulose, the impure product bcinx subjected to 
dialysis, employing membranes of cellulose which possess the property of 
allowing dis^ved impurities to pass, while retaining the nitrocellulose. 

3. J. A. C. S. 1907, 28, *676; abst. Chem. Zentr. 1908, 19, I, 1132; 
C. A. 1908, 2, 760; J. C. S. 1908, 27, u, 88; J. S. C. I. 1908, 27, 93; Bull. Soc. 
Cbim. 1908,4,962; Jahr. Chem. 1906-8,1,167. 

4. J. A. c. S. 1907, 28, 1576; abst. Chem. Zentr. 1908, 78, 1, 322; C. A. 
1908, 2, 618; J. C. S. 1907, 82, ii. 933; BuU. Soc. Chinv 1908, 4, 747; Jahr. 
Chem. 1906-8, I, 167. 
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were filled with water to above the stopcock, and the capillary 
tube nearly to the end of the scale toward the pressure bulbs, and 
the pressure applied by opening a stopcock in the capillary tube 
between the lAlbs and the scale. The num\>er of cubic milli¬ 
meters which would pass through 1 sq. cm. of membrane in one 
minute was ■udopted as the unit of permeability. By means of 
this apparatus it was found that thin collodion membranes im¬ 
mersed in water gave practically the same permeability results 
in succe.ssive experiments; and that their permeability was not 
materially altered under the relatively high pressure of 840 mm. 
of mercury. Goldbeaters’ skin showed a lower degree of per¬ 
meability than collodion membranes of two or three times its 
thickness, while parchment paper altered continuously under 
constant temperatures and pressure, becoming less and less 
permeable. The general conclusions arrived at were that Poi- 
seuille’s law for the passage of liquids through capillary tubes 
applied also to the passage of water tluough the four membranes; 
and that the rate at which liquids pass through molecular inter¬ 
stices was capable of expression “by the same law which formulate 
the passage of liquids through capillary tubes.’’ 

As the result of an examinatiqn of the enzymes, pepsin, 
trypsin, rennet, stcapsin, ptyalin, emulsin and takadiastase, A. 
Porter* has found that all of them, with the exception of the last 
named, Irecome inactive in contact with a collodion membrane. 
Except in the case of ptyalin, an anti-enzymic power is developed, 
which is specific, being limited to preventing the action of the 
enzyme from which it was produced.' Stomach extracts'rendered 
inactive in this way, however, prevent the action of pepsin, 
trypsin and rennet. Water does not extract from the collodion 
membrane any substance having this property, which is also 
shown, though in less degree, by gelatin, reed, and white'’of egg 
membrane. The formation of anti-enzyme is less, the purer 
the enzyme!'taken. “ 

1. Biochem. Zts. 1910, 25, 301; cf. H. Bcchhold, Zts. physik. Chem. 

1907, 60, 267. For the effect of collodion membranes on saponin, solanine, 
and the haemolytic glucoside found in Amanita phalloides, see W. Ford, J. 
Pharmacol. 1910, 1, 269. ‘ 

2. Authors who have worked in this field and observed, have failed to 
record the great variations in permeability of collodion membranes in the 
following two particulars: (1) The same cellulose when nitrated so as to 
producf. a more fluid and less viscous solution, will, upon evaporation, produce 
a more difficultly permeable film than the same weight of viscous pyroxylin 
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According to A. Schoep* it is incorrect to compare the action 
of a filter with that of a fine sieve; owing*to electrical phenomena, 
adliesion and adsorption by the filter of the substance in suspen¬ 
sion, particles much' smaller than the pores of the filter may be 
retained by the latter. In filtration through collodion mem¬ 
branes, and in the “ultrafiltration” of H. Bechhold,® and of E. 
Hatschek,’ a certain pressure—from 0.2-10 atms.—is required. 
The author has succeeded in preparing membranes by means 
of which he has (1) filtered a colloidal solution of iron hydroxide, 
(2) separated a mixture of Prussian blue and heinaglobin in 
aciueous solution, and (3) separated colloidal arsenic sulfide, and 
(4) obtained a perfectly clear serum from the filtration of milk, 
without the use of external pressure. The membranes are com¬ 
posed of collodion, modified by the addition of castor oil and 
glycerol to the nitrocellulose solution. By varying the proportion 
of the^ components, membranes of any desired degree of per¬ 
meability may be prepared. 

In the formation of colhxlion filters as above described, A. 
.Schoep’ has found the following proportion of ingredients to give 
the best results; (1) Pyroxylin, 4; castor oil, 3.5; and ether-alcohol, 
92.5 parts; and (2) Pyroxylin, 4; castor oil, 4, and ether-alcohol, 
92 parts. The solvent consisted of 10 parts of alcohol, and 80 
parts of ether. By adding to either of these ela.stic colloids 

dissolved in the same menstruum, (2) Tlie same pyroxylin will vary in 
porosity depending only upon the solvent in which it has been dissolved, an 
amyl acetate solution of a cellulose nitrate, yielding a more compact and 
difficultly dialyiablc Him, than the same pyroxylin dissolved in ethci- 
alcohol. The introduction of minute quantities of vegetable or animal oils, 
Canada balsam, turpentine or other water-repellent bodies in a collodion 
solution will materially affect the speed of osmosis through the film when 
evaporated to dryness. It is suggested that the lack of concordance of results 
in this field may, in no small measure, lie attributable to insufficient appreci|- 
tion of the value of these two facts. 

1. BuU. Soc, Chim. Belg. 1910, 24, 278, abst. J. S. C. I. 1910, 29, 1041; 
C. A. 1911, 5, 1240, 2350; J. C. S. 1910, 91, ii, 1049; Chem. Zentr. 1910, 81, 
II, 1794; 1911, 82, I, 1021. 

2. Zts. Chem. und Ind. dcr Kolloide, IfKXi, 1,*107, Biochem. Zts. 1907, 
8, 379; Elekttochem. 1907, U, 527; abst. C. A. 1907, 1, 2702; 1908, 2, 1155, 
1225, 3183; J. C. S. 1908, 94, ii, 24, 823; J. S. C. 1. 1907, 26, 993; BuU. Soc. 
Chim. 1908, 4, 1032; Chem. Zentr. 1907, 78, II, 1374; 1908, 79, I, 193; Jahr. 
Chem. 1905-8,1,264,265,267; Zts. physik. Chem. 1907; 69, 257; 1908, 64, 328. 

3. J. S. C. I. 1910, 29, 125; abst. C. A. 1910, 4, 1121; Chem. Zentr. 

1910, 81, 1, 1181, 2136; Jahr. Chem. 1910, 63, 1, 130; Zts. ang. Chem. 1910, 
23, 1912. . 

4. BuU. Soc. Chim. Belg. 1910, 24. 354; abst. J, S. C. k 1910, 29, 1289; 

Chem. Zentr. 19i0, 81, II, 1794; 1911, U, I, 1021. * 
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variable quantities of glycerol, mixtures were obtained, which 
after the evaporation 6f the solvent, left membranes through 
which certain colloidal emulsions and solutions could be filtered 
without the use of external pressure, the nate of filtration being 
600 cc. per hour with a height of liquid in the filter membrane 
of 27 cerftimeters. It was proven that there was no adsorption 
of colloidal bodies by the substance of the membrane during 
filtration. 

H. de Mosenthal’ determined that cellulose nitrate in acetone 
solution is dialyzable through both animal and vegetable mem¬ 
branes, acetone being used as the external liquid. In fractional 
dialysis, examination of the fractions have shown them to be 
identieal in nitrogen content with the substance originally dis¬ 
solved. 

According to J. Malfitano,’’ a suitable apparatus for filtering 
under pressure through collodion membranes results when the 
membrane is fonned upon a network or groundwork of thick 
threads or filaments of the same material. The threads are formed 
by squirting the collodion through a fine orifice, and then drying. 
The thread may be wound spirally on a glass cylinder, or deposited 
in a network pattern on a glass'plate or other smooth surface. 
A flexible border is then formed by means of liquid collodion, 
as described in the main patent. 

P. Grenet and Salimbeni’ have succeeded in preparing a 
collodion filter for general use, their method being to dip an 
ordinary Chamberland candle into a solution of. a collodion 
containing 10% glycerol, the latter preventing the collodion 
drying and thus becoming useless. Before doing so, it is neces¬ 
sary to remove all the air from the candle by plunging it in water, 
or better in alcohol. Such a filter is said to prevent the passage 
of ultnimicroscopic organisms, and to retain its efficiency for at 
least a year. To prevent the growth of moulds upon it, it is 

I. J. S. C. I, 1907, as, 443; abst. C. A. 1907,1, 1770; Zts. ang. Chem. 
1907, 20, 1970; Jahr. Chem. 1905-08,11, 976; J. Soc. Dyers Color, 1907, 23, 
214; Chem. News, 1907, 95, 189; Chem. Zentr. 1907, 70, II, 687, 2039; 1911, 

II. 1120. 

2. E. P. 8546, 1910; F. P. 401928; Add. May 4, 1911; abst. J. S. C. I. 
1910, 29, 1289; 1911, SO, 1300. 

3. J. Roy. Micr. Soc. 1911, 543; CompL rend. 191*, U2, 910; abst. 
C. A. 1912, S, 3139; Chem. Zentr. 1911, 02, I, 1603; Chem. Ztg. 1911, 35, 
452. 
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advizable to add a trace of formaldehyde to the collodion solu¬ 
tion. 

Collapsible tubes and other hollow articles are made accord¬ 
ing to the L. Feval process,' by dipping a non-collapsible form 
into a pyroxylin composition, drying the coating picked up by 
the former by subjecting it to the action of boiling water or steam, 
and finally eliminating the last traces of solvent by boiling the 
product in water or otherwise heating it. 

In the investigation of ultra-filtration and pressure dialysis, 
cylindrical bags of collodion are made by G. Walpole,® by pour¬ 
ing an alcohol-ether collodion solution into test-tubes. After 
evaporation of the solvent, the tube is immersed in water for a 
time, and then the collodion lining can be easily removed; it 
should be stored under water. Such membranes can be used 
for the filtration of tetanus and diphtheria toxins, but they lack 
uniformity and do not withstand pressures above 2 atm. Flat 
membranes can be made with remarkable uniformity by pouring 
the collodion solution on to a leveled glass plate, and removing 
the film under water. Films made to a standard pattern were 
found to retain quantitatively all the antigens experimented with; 
they filtered rapidly and were highly permeable to salts and 
water. They may be used in the construction of a continuous 
apparatus, e. g., a filter press for the filtration and pressure dialysis 
of toxins. 

In the detection and concentration of antigens, with especial 
reference to the study of diphtheria and tetanus toxins, A. Gleimy 
and G. Walpole’ have found, that as antigens do not traverse 
collodion-water membranes these can be used for the routine 
purification and concentration of toxins, and also for the pre¬ 
liminary examination of the specificity or otherwise of the toxic 
constituents of any cultural fluid. Tlie purification and con¬ 
centration of diphtheria toxin is performed by means of dialysis 
under pressure, acidifying, centrifuging, and re-dissolving the 
precipitate in a trace of alkali. With these membranes, mallein 
and tuberculin were readily separated from glycerol and’adherent 

1. U. S. P. 706541,1902; abst. J. S. C. 1.1902, Zl, 1161. 

2. Biochem. J. 1916, 9, 284; abst. J. S. C. I. 1915, 34, 819; abst. C. A. 

1915, 8, 3253; 1916,.1», 3082; J. C. S. 1915, IM, ii, 549; J. S. C. 1. 1916, M, 
819; Chem. Zentr. 1916, *7,11, 1173. 

3. Biochem. J. 1916, 9, 298; abst. J. S. C. I. 1916, 34, 816; abst. C. A. 

1916, 9, 3^2; J. C. S. 1916, 3M, i, 750; Chem. Zeqtr. 1916, 87, II, 1174. 
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nitrogenous matter, and tetanus toxin was purified by ultra¬ 
filtration followed by pressure dialysis. 

In the preparation of collodion dialyzers of graded per¬ 
meability according to the method of W. Brown,* air-dried collo¬ 
dion membranes are treated with varying percentages of alcohol 
in water for 'a suitable length of time, ajid then washed with 
water. The permeability of such membranes is directly related 
to the strength of the alcohol employed, so that, by the use of 
various concentrations, membranes of almost any degree of per¬ 
meability may be obtained, e. g., from those which will keep back 
copper sulfate to those which are permeable to such a highly 
colloidal substance as aniline blue. 

The C. Farmer process for the preparation of uniform collo¬ 
dion membranes for dialysis,* involves the formation of the mem¬ 
brane by filling a glass tube with collodion solution (.‘1 gm. of 
dried guncotton to 50 cc. of a mixture of equal parts of absolute 
alcohol and ether), inverting, and allowing to drain for one min¬ 
ute. The tube is then dried for one minute in a current of air 
and afterwards filled with cold water. After a few minutes, the 
thin membrane can be removed from the walls of the glass tube 
with the aid of a pair of forceps. The permeability of the mem¬ 
brane may be changed by'varying the period of drying. Con¬ 
venient apparatus for performing the.se operations is described 
in detail. 

J. Loeb* has studied the influence of electrolytes on the 
electrification and the rate of diffusion of water through collodion 
membranes, and has found that when pure water is separated 
by a collodion membrane from an aqueous solution of an elec¬ 
trolyte, the rate of diffusion of‘water is influenced not only by 
the forces of gas pressure, but also by electrical forces. The 
electric attraction of water caused by the electrolyte augments 
with increasing concentration of the electrolyte, more rapidly at 
low concentrations than at high. It is tentatively assumed that 
the electrolyte, collodion and water are arranged in the collodion 
membrane in a definite pattern held together by chemical forces, 

1. Biochem. J. 1915, 9, 320, 591; abst. J. S. C. I. 1915, 34, 1118; C. A. 
1916, Ifl, 1360; J. C. S. 1915, IM, ii, 824; Chem. Zentr. 1916, 97, II, 1102, 
1174. 

2. J. Biol. Chem. 1917, 32, 447; J. C. S. 1918, 114, ii, 63; J. S. C. I. 
1918, 37, 108-A; C. A. 1918, 12, 376. 

3. J. Gen. Physiol. 1919, 1, 717; abst. C. A. 1919, 13, 2041. 
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but with the jnoleculcs of water and the cations retaining their 
mobility in liquids. The rate of diffusion of an electrolyte through 
a collodion membrane from solution to^ pure solvent seems to 
largely obey the kinetic theory, in that it is approximately pro¬ 
portional to the concentration of the electrolyte, and is the same 
for equal concentrations of LiCl, NaCl, MgClj and CaClj. 

In investigating the influence of a slight modification of the 
collodion membrane on the sign of the electrification of water,' 
it was found that colMion membranes which have been tredted 
with V/o gelatin solutions show a different osmotic behavior than 
the untreated membranes, manifested only towards solutions of 
electrolytes (i. e., acids, acid salts, salts with tervalent and quadri¬ 
valent cations), which tend to induce negative electrification of 
the water particles diffusing through the membranes; towards 
solutions of .salts and alkalis which induce positive electrification. 
With untreated membranes, no water diffuses into the solutions. 
Collodion membranes treated with ca,sein. egg albumin, blood 
albumin or edcstin behave like gelatin treated membranes, but 
treatment with peptone prepared from egg albumin, alanine, or 
starch has no effect. In treating the collorlion bags with gelatin, 
the gelatin solution was allowed to remain over night, then removed 
when the bag was wa.shcd six or more times with warm water. 
The bag was then allowed to remain in water for days to remove 
the last traces of gelatin. The effects of gelatin treatment are 
retained by the bags for a long time, even with continued use. 

In a later communication® on the influence of the concentra¬ 
tion of electrolytes on some physical properties of colloids and 
crystalloids, 1% solutions of metal gelatinate (sodium gelatinate) 
were separated from water by collodion membranes, and the 
rate of diffusion on water into the gelatinate solution, measured 
by the rise of the liquid in a manometer. In all cases, it was 
found that water diffuses tluough collodion membranes in the 
form of positively charged particles. 

The differentiation of the Eberth Cqli group of. bacterial 

1. J. Locb, J. Gen. Physiol. 1920, 2 , 266; abst. C. A, 1920, 14 , 676. 
In a previous communication (J. Gen. Physiology, 1919, 2 , 200; abst. C. A. 
1920, 14 , 187), solutions of non-electrolytes, sucrose, glucose, glycerol, 
separated from pure water by a colfcdion membrane, were found to influence 
me initial rate of diffusion of water through the membrane approximately 
in propOTtion to their concentrations. 

2. J. Loelj, J. Gen. Physiol. 1920, 2 , 273; abst. C. A. 1920, 14 , 676. 
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organisms may, according to A. HoUande and J. Beauverie,* 
be accomplished by means ol collodion test p,apers, using for this 
purpose papers dipped in silver nitrate, glucose-neutral red, lead 
acetate, and litmus-orcein-lactose, which, after drying, are plunged 
into a mijttuie of alcohol and ether containing 10% of nitrocellu¬ 
lose. • 

J. Duclaux and A. Hamelin’ have recorded some observa¬ 
tions on the use of collodion filters, in which they find the usual 
difficulty in their employment is that they cannot be dried or 
sterilized by heat. These authors have succeeded in preparing 
collodion filters which obviate these difficulties, but the results 
are not sufficiently constant to be satisfactory. They, therefore, 
advocate the use of cellulose filters prepared by mixing cellulose 
with vSchweizer’s solution, or by denitrating nitrocellulose with 
ammonium hydrosulfide. Filters prepared in this manner, it is 
stated, may be dried any number of times, or placed in boiling 
water without being affected. Tliey also resist the action of 
alcohol, ether or acetone. In filtering liquids containing very 
fine particles, the process is slow. It is impossible to apply air 
pressure, lest the cellulose ruptures, the idea being especially 
recommended in determining osmotic pressure as an accelerating 
agent. To this end the authors.employ a solution of Congo Red, 
which does not penetrate the cellulose filter, but exerts a con¬ 
siderable amount of osmotic pressure upon it. By this means 
they were able to increase the rapidity of filtration by as much 
as seven times without endangering the filter. 

The employment of collodion membranes in physical experi¬ 
ments is becoming of increasing importance and usefulness. 

Reduction of Inflammability. The subject of diminution 
in inflammability of the nitrocelluloses is intimately associated 
with stability, many of the generalizations brought forth in that 
topic holding good in this connection. Broadly speaking, those 
products added to nitrocellulose to increase the stability are 
relatively non-inflammable, and hence the converse is also true, 
that reducing the inflammability by the addition of foreign bodies 
usually tends to increase the stability. However, there is this 
important difference between the two, while stabilizers are usually 

1. Compt. rend. Soc. Biol. 1015,7B, 722; J. Roy. Micr. Soc. 1916,241. 

2. Atm. Inst. Pasteur, 1911, 2S, 145; abst. J. Roy. Miqr. Soc. 1911,548. 



NlTROCSLLULOSB THBORV 


1777 


iddcd in relatively small amounts—generally in amounts under 
1% based on the weight of the cellulose ester—inflammability 
diminishing materials (non-inflammable compounds) are usually 
introduced in many times that amount in order tp reduce the 
flammability to the desired degree. There is a distinction, but 
not a differentiation. Whereas stabilizers are usually ant-acids, 
“non-inflammabilizers" are often of acid reaction, but are added 
in such large amounts, that the speed of burning is reduced to a 
point where the development of a slight acidity is not detrimental, 
or at least is not dangerous. Stabilizers are usually soluble in 
the nitrocellulose menstrua and hence do not affect the appear¬ 
ance of the finished product, especially the transparency. Con¬ 
versely inasmuch as inorganic salts or oxides are often employed 
to diminisli inflammability,, the translucency and opacity are in¬ 
creased in proportion to the amount of material added. 

It was early recognized that the cellulose nitrates possess 
the property of being readily gelatinized by means of direct, 
ancillary or latent solvents and solvent combinations, and are, 
therefore, susceptible of being worked into a variety of forms, 
as rods, tubes and sheets. The subject of inflammability in con¬ 
nection with nitrocotton combinations, is of especial importance 
in conjunction with artificial filaments and solid nitrocellulose 
combinations analogous to celluloid. With the former, the inflam¬ 
mability is reduced by actual decomposition of the cellulose ester 
aggregate by the withdrawal of the nitrogen in the process of 
denitration (see pp. 1898-1900). In this operation, however, the 
ester is decomposed by the elimination of the nitric groups and a 
modified cellulose results, containing but a few tenths of 1% of 
nitrogen, and the product thus formed is insoluble in all cellulose 
ester .solvents, having lost the valuable technical property of 
thermoplasticity. * 

While the pyroxylin plastics are inflammable, they are not 
explosive, their heat of decomposition fluctuating wi()un wide 
limits due to variations in methods of manuWture, the efficiency 
of the stabilizing agents introduced, and the amount and nature 
of the pigment portion which they contain. Those pigments, as 
zinc oxide and metallic carbonates increase the stability and dimin¬ 
ish the speed rf burmng by virtue of their incombustible inorganic 
mass, and the alkalinity of the base acting as a neutralizan^ for 
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the comparatively small amounts of acid slowly liberated. 

Notwithstanding ^he plastifying agents which are added to 
the nitrocellulose in the formation of bodies analogous to the 
celluloids, they partake essentially of the properties of the cellu¬ 
lose nitrates, and hence are capable of ignition and spontaneous 
decomposition. Their manufacture, therefore, contain elements 
of danget, and their storage and transportation is attended with 
certain risks. Fitfthermore, in the “moving picture” industry, 
which has developed with a rapidity little dreamed of a few years 
ago, the safeguards which have been thrown around it by munici¬ 
pal and governmental legislation as the result of disastrous acci¬ 
dents from ignition of picture films, have only heightened the 
interest in the problem of reducing the inflammability of the nitric 
esters to the maximum of safety compatible with the preserva¬ 
tion of the desirable physical and chemical properties. A cursory 
survey of this field will disclose how the question of the attenua¬ 
tion of inflammability has been approached from almost every 
conceivable angle, and it must be said, with considerable success. 

When denitration of the pyroxylin was so successfully applied 
in connection with artificial filaments, it was considered but a 
single step in advancement to adapt it to moldable nitrocellu- 
loses, but it was immediately found that denitrated cellulose 
nitrate and camphor did not produce a moldable product in any 
sense of the word, and the idea was abandoned. 

The methods, therefore, which have been proposed and which 
contam an element of permanency, may be subdivided into two 
groups: 

1. Those which are applicable'to cellulose esters which do 
not diminish the transparency of the product, i. e., in which the 
added ingredient does not affect the original appearance of the 
nitrocotton. In this class, pigments and lakes are, of„course, 
precluded. 

2. Those in whjch the reduction in inflammability is due to 
colored matter in solution, or solids in suspension, and in which, 
therefore, the finished product is either translucent or opaque. 

Those of the first group in general, comprize inorganic salts 
soluble in alcohol, whereby they may be introduced into the 
pyroxylin mixture by means of a solvent combination agreeable 
to, both, i. e?, alcohol. Many of the halogen compounds of cal- 
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cium, magnesium, manganese and aluminium are comprehended 
in this classification. Their great dra^^back is a well marked 
deliquescence, and the fact that, being water-soluble, pyroxylin 
combinations containing these salts are effected by moisture, and 
arc usually waterproofed by the superficial application of a 
pyroxylin lacquer. The chlorides, less so the bromides and i(Kiides, 
of mercuric, cupric, cadmium, aluminium, ferric iron, chromium, 
nickel, manganese, zinc, cobalt, lithium, ammonium and stron¬ 
tium have been advocated for this purpose, but many of them 
are inadmissable on account of deficient solubility in alcohol. 

M. Asselot' adds an alcoholic solution of magnesium chloride 
to the celluloid or nitrocellulose dissolved in acetone. W. Parkin® 
employs a mixture of aluminium, strontium and magnesium chlor¬ 
ides in methyl alcohol. 1). Bachrach advocated alcoholic cal¬ 
cium chloride,® while calcium bromide, sulfate or oxalate, fonned 
the essence of the invention of A. Mabillc and G. l.eclerc,* the 
latter two salts being insoluble. The manganous chloride of P. 
Marino,® the zinc cliloridc and oxide combination of C. Clauss," 

1. E. P. 0.38!), 1890; ahst. J S. C. I IKflO, 15, :)l,3; 1897, IS, 8t, 1,'jl. 
D. H. P 9.37U7. 1900; abst. Wag. Jahr. 1897, 41, 11(0, Chain. Centr. 1897, 
68, n, 927. F. P. 2.35002, Phot. Times, 1897, 248. For general articles 
on uninOaminable celluloid see Hildebrand, Zts llursten, 1908, 27, 594; 
Gewerbebl. Wnrt. 1897, 45, 378; Ainer. Apoth Ztg. 1898, 18, 129. Slubling, 
Celluloid, 1907, 7, 99, Net. Arb. 1888, 14, 7.33 

2. F. P. 344501, 347440, 1904, abst. Mon Sci 1900, 65, 47, 4!1; J. .S, 
C. I. 1904, 23, 1111. D. U. P. 171094, 1904, abst Chtm. Ceiitr. 1900, 77, 
11, 736; Jahr. Chem. 190,3-1908, 11, 992, Zts aug Cheni. 1900, 19, 244. 
Sec also E. P. 6389, 1896, F. P. 347443. W. Parkin and A. Williams, E. 
P. 266.37, 1909; abst. J. S. C I. 1910, 29, 11,32. F. P. 421010. Proc. Amer. 
Pharra, Assoc. 1906, 54, 909; Pharm Ztg. 1900, 227 W. Parkin, A Williams 
and T. Casson, E. P. 28212, 1903, F. P. 344.301, abst. J. S. C. I. 1904, 28, 
1111, 11,39. 

3. U. S. P. 6677,39, 1901; abst. J A. C, S. 1902, 24, .30, U, S. P. 

743422, 1903; abst. Mon Sci. 1904 , 61, 86; Chem. Zts. 1904, 3, 244. E. P. 
22970, 1903; abst. J. S. C. I, 1903, 22, 7.3; Chem. Ztg. 1905, 29, 22,3. F. P. 
337060, 1903; abst. Mon. Sci. 190.3, 63, 85. Belg. P. 15462. * 

4. F. P. 317844, 1902; abst. Mon. Sci. 1903, 59, 120; 1908, 69, 655. 

5. U. S. P. 893634, 1908; abst. Mon. Sci. 1910, 73, 96; C. A. 1908, 
2, 2874. D. R. P. 206471; abst. Chem. Zentr, 1909, 86, 1, 1064; Chem. 
Ztg. Rep. 1909, 33, 91; Zts. ang. Chem. lOW, 22, 504; Jahr. Chem. 1909, 
82, 11, 390; Chem. Zts. 1909, 8, No. 1279. E. P. 6801. 1907; abst. J. S. C. I. 
1907. 26, 1107. F. P. 376399, 1907. Swiss P. 42,329, 1907. Belg. P. 
203274, 1907. Can. P. 109778, 1908. Dan. P. 10937, 1908. E. P. 7430, 
1908; abst. C. A. 1909, 3, 2628; J.S- C. I. 1009, 28, 812. Swiss P. 48281. 
F. P. 401527, 1909; abst. J. S. C. I. 1909, 28, 1163; Mon. Sci. 1910, 73, 292, 
296; 1911, 7$, 153. 

Marino has protected by patent application the use of the following 
for the reductioi# of inflammability in connection with nitr^^dlulose; alum¬ 
inium hydroxide and iodide; barium, calcium, iron (ferrous and ferric),4ead, 
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the alummium chloride and sulfate mixtiue of P! Frost and E. 
Michey,* the stannous chloride and colophony as advized by S. 
Assadas,’ and the mixed halides of the Westfalisch Anhaltische 
Spreng^offe.A. G.,’ indicate the salts which apparently have 
found most favor. A. Schwarcman* proposes to directly chlor¬ 
inate the pyroxylin with nascent chlorine, but it is difficult to 
see wherem a useful product is produced by following out the 
suggestions as embodied in his patent. All the above alcohol 
soluble halides give transparent products. 

The general method of incorporation is to dissolve the salts 
alone or together in a small bulk of alcohol, filter off any undis¬ 
solved residue, and then mix this solution in the desired propor¬ 
tion with an acetone or other low boiling solvent in which the 
nitrocellulose or celluloid has been softened or dissolved. Excess 
of solvent is then removed in any convenient manner, and the 
finished product results. H. Beau® adds an approximately 20% 
solution of CaClj in acetone, to a thick celluloid mixture,- so that 
the finished prpduct contains one part of metallic salt to 10 of 
celluloid, and the mass masticated on hot rolls until the desired 
amount of solvent has been removed. It will be remembered 
that an alcoholic solution of calcium chloride is an energetic 

magnesium chromates, and phosphates: calcium arsenite and arsenate, cobalt 
phosphate, lead fluoride and nitrite, chromium oxide, carbon tetrachloride 
and trichlomitromethane. 

6. E. P. 3072, 1881; abst, Chem. Ind. 1881, «, 280; J. S. C. I. 1882, 

I, 201. D. R. P. 17026, 1881; abst. Dingl. Poly. 1882, 243, 434; Wag. Jahr. 
1881, 52, 649. 

1. F. P. 351555, 1905; abst. Mon. Sci. 1906, 65, 49; Chem. Zts. 1905, 
4, 333. Addition 4602 to F. P. 351555; abst. J. S. C. 1. 1905, 24, 855. F. P. 
421854. Belg, P. 181151. E. P. 5130,1905. 

2. S. Assadas, E. P. 9982, 1908; abst. J. S. C. I. 1909, 28, 671. F. P. 
387537, 1907; abst. J. S. C. I, 1908, 27, 873; C. A. 1909, 3, 1819; Mon. Sci. 
1906, 71, 14, adding to 1 k. pyroxylin, colophony (25-200 gm.), stannous 
chloride (20fli-400 gm,), ammonium chloride (5-50 gra.), and carbon tetra¬ 
chloride (6-50 gm ). "Metallodion,” formed by mixing oxides or salts (lead 
peroxide), carbon and nitrocellulose; and “metallodium," consisting 81 amido- 
cellulose salts and carbon, are uninflammable combinations of H. Aron, 
E. p. 2943, 1882; 21957, 1882, 

3. E. P. 26617, 1901; abst. Arms Expl. 1903, 11, 17; J. S. C. I. 1902, 
21, 1471, E. P. 3334, 1902; abst. J. S. C. I. 1903, 22, 229; J. Soc, Dyers 
Color. 1904, 20, 63. E. P. 13531, 1903; abst. Arms Expl. 1904, 12, 82; J. S. 
C. I. 1604, 23, 560. Second add. June 18.1903, to F. P. 316569, 1901; abst 

J. S. C. I. 1903, 22, 561,1308; Chem. 2Jts. 1904, 3, 116. 

4. U. S. P. 1323792, 1919; abst. C. A. 1920, 13, 348; J. S. C. I. 1920, 
SO, 60-A. 

5. F. P. 322457, 1902; abst. Mon. Sci. 1903, 50, 127; J. S. C. I. 1903, 

22,377. * 
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solvent of the cellulose nitrates, even in the cold. 

Blanchin* has proposed to add calcium chloride with about 
half its weight of manganous chloride to nitrocellulose dissolved 
in a suitable solvent, the total amount of metallic salts to be 
added being up to 40% of the weight of the cellulo^ ester. The 
brilliancy and appearance of the finished product is said to be 
enhanced by the addition of small amounts of carbon tetrachlo¬ 
ride. To the finished substance the name Pyrosa has been given. 

Gunnot, Firetard and Herward* combine zinc and stannous 
chlorides in amyl acetate. W. Stevens* proposes to make unin¬ 
flammable plastic of p)Toxylin gelatinized with amyl acetate, to 
which has been added zinc chloride and camphor, and to which 
a small amount of sodium carbonate has been incorporated. An 
alternate method is to mix nitrocellulose (150 parts), zinc chloride 
(100 parts), camphor (60 parts), stxlium carbonate (15 parts), 
with amyl acetate and methylated spirits, the mass being incor¬ 
porated in a suitable machine arranged to minimize evaporation. 
A. Petit* used 7 parts of gum solution, and 5 parts of stannous 
chloride dissolved in benzene, to each UK) parts of nitrocellulose. 

L. B^thisy* decreases the inflammability of pyroxylin com¬ 
binations by the use of zinc chloride in ether, together with gela¬ 
tin and vaseline. J. Nigro and P. Hollande* add 1 part of pow¬ 
dered MgClj in 3 parts of alcohol to a solution of 1 part of cellu¬ 
loid or nitrocellulose in 10 parts of acetone. There is obtained 
after thorough mixing and drying a relatively non-inflammable 
product, the transparency and elasticity of which, according to 
the patentees, compare favorably with that of celluloid. 

One of the earliest processes for rendering nitrocellulose and 


1. F. P. 384690, 1906; abst. C. A. 1907,1, 2969; J. 8. C. I. 1906, 2S, 
951; Mon. Sci. 1907, fi7, 12.5; Chcm. Zts. 1906, $, 399. 

2. Belg. P..229253, 1910. 

3. E. P. 4390,1908; abst. J. S. C. 1.1909, 2t, 381; C. A. 1909, J, 2381. 
J. Stevens, U. S. P. 012066,1898. 

4. U. S. P. 662961, 1900; abst. Mon. Sci. 1901, 57, 127. E. P. 22867, 

1899; abst. J. S. C. I. 1900, M, 461. F. P. 294379, 1899; abst. Rev, Chim. 
1900, J, 260. . • 

6. D. R. P. 110012,1901; abst. Chera. Ztg. 1900,2*, 473; Jahr. Chem. 
1900, S3, 880. U. S. P 894108, 1908; abst. Mon. Sci. 1910, 71, 96; C. A. 
1908, 2. 2874. F. P. 368004,1906; abst. J, S. C. 1.1906, 25, 1231; Mon. Sd, 
1908, 55, 142; C. A. 1909,3,261. S«e also E. P. 11927,1898; abst. J. S. C. I. 
1899, 31, 602. 

6. F. P 420212, 1910; abst. J. S. C, I. 1911,30, 363; Mot. Sd. 1913, 
75,30. 



HOi 


TBCmOWGY OF cmutCfeE BSTBKS 


celluloid non-inflammable is due to C. Stocker,' and “Stocker’s 
tmbumable collodion” was heralded far and wide as the successful 
solution of the problem. In this method, 100 parts nitrocellulose 
is mixed with camphor (400), stannous chloride 70, and alcohol 
100, an^ aft«- standing for 12 hours for the ingredients to become 
thoroughly intermingled, the mass is led through heated rollers, 
and worked until a homogeneous, transparent product results. 
The claim is made for this product that it will only bum when 
placed directly in a flame, and after the removal of the flame, 
continues to glow only. The addition of other salts such as the 
chlorides of nickel, copper, cobalt and manganese are also suggested 
to both color the product and further reduce the inflammability. 

P. Prost, E. Michey and Cochalat' protect an uninflammable 
material called by them "Prostine,” made by mixing certain 
chlorides or salts of aluminium with nitrocellulose. B. Buch- 
stab* works up pyroxylin with stannous chloride and lactic acid, 
but the latter is water soluble and hygroscopic, and must be 
protected from moisture by a superficial coating of nitrocotton. 

All the aleoholic soluble salts mentioned above possess the 
disadvantage that they are also soluble in water, the finished prod¬ 
uct containing such salts being impaired if subjected to the atmos¬ 
phere (moisture). Disadvantages of deliquescent salts used in 
this connection are the possible formation of a film of moisture 
on the surface of the cellulose ester composition, and this also 
may assist in the volatilization of such products as camphor 
which may be a constituent. The addition of bodies causing 
double decomposition of tlie deliquescent, alcohol-soluble inor¬ 
ganic salt usually interferes with the transparency in overcoming 
the above objections, i. e., the addition of soluble sulfates to 
calcium chloride, resulting in the precipitation of the non-deliques- 
^ent, water-insoluble calcium sulfate, which, however, renders 

1. E. P. 16330, 1887; D. R. P. 4.5024, 1888; abst. Ber. 18S8;.21, 913; 
Chem. Tech. Rep. 1888, 27, II, 125; Chem. Tech. Jahr. 1888, U, Iffi; Wag. 
Jahr. 1888, J4, 1163; Indbl. 1889, .39. 

2. Belg. P. 1760S7. 1904. P. Prost and E. Michey, F. P. 361555, 
first add. dated March 18, 1905; abst. J. S. C. I. 1905, 24, 855, 984; Mon. 
Sci. 1906, SS, 49; Chem. Zts. 1905, 4, 303. 

3. F. P. 408406, 1908; abst. J. S. C. I. 1910. 29, 657; Mon, Sci. 1910, 
7S, 300. D. R. P. 214398, 1909; abst.tj. S. C. I. 1909, 28, 1221; Mon. Sci. 
1913, 79, 38; Chem. Zentr. 1909, 80, U, 1515; Chem. Tech. Rep. 1909, SS, 
664; Chem. Zts. 1910, 9, 1862; Wag. Jahr. 1909, 55, II, 555; Zts. ang. Chem. 
1910, 2S, 384. 
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the pyroxylin opaque in proportion to the CaS 04 present. 

In addition to the class of inor(canic halogens which have been 
mentioned above, are a number of products which possess tlie 
combined properties of stability as well as reduction of inflam¬ 
mability. For instance, the Societc Industriellc dg Celluloid* in¬ 
corporate a maltodextrin together with a small amount of borax, 
tlicir preferred combination being to admix 60 parts nitrocellu¬ 
lose, alcohol containing camphor 60 parts, maltodextrin 18 parts, 
and about,')% of borax The solvents are removed by mastica¬ 
tion and rolling. 

F. Matthews and H. Elder* react by sulfur .dioxide on the 
imsaturatcd hydrccarbons pseadobutylene, amylenc and ethylene, 
which are polymerized by exposure to ultra-violet light, and are 
then admixed with pyroxylin by means of a solvent suitable to 
both, such as acetone. L. Labbc’ adds gelatin and magnesium 
acetate; F. Gaens* mixes the nitrocotton with huinate of ammonia; 
J. Ducruet* depends upon carbon tetrachloride for diminishing 
combustibility, which is also the essence of the process of C. Ellis.* 

E. Bdthisy, I.. Fouchard and E. Vignes* have received patent 
protection for the use of ammonium sulfocyanide and Unona 
selanka in this connection. All the ammonium compounds are, 
of course, active deterrents of combustion, but this particular 
one is unusually soluble in water and deliquescent, and compared 
with other equally efficient and more readily available ammonium 
compounds, is unduly expensive. The phenol-aldehydes have 
been put forward by H. Matheson* of E. du Pont de Nemours 

1. P, P. 407846. 1900; abst. J. S. C. I. 1910. 29, 622; Mon. Sci. 1912, 

77, 6 1). R. P. 221081, 1909; abst. C. A. 1910, 4, 2732; Mon. ,Sci. 1914, 

81, 133; Chem Zentr. 1910, 80, I, 1063; Chera. Ztg. Rep. 1910, M, 220; 
Jahr. Chem 1910, 63, II. 429. 

2. E. P. 116;i.6, 1914; abst. J S. C. I 191.5, 34, 670; Ann. Rep. Soc. 
Chem. Ind. 1916. 1, 192; C. A. 191.5, 9, 2971. 

3. F. P. 410973, 1909; abst, Mon. Sci. 1912, 77, 7. 

4. D. R. P, 489,33, 1889; abst. Her, 1889, 22, 625; Chem. Centr. 1860, 
61, I, .560; Tech. Chem. Jahr. 1889, 12, 163; Jahr. Chem. 1889, 42, 2682; 
Wag. Jahr. 1889, 3S, 473; Chem. Ind. 1889, 12, 466; Zts. ang. Chem. 1889, 
2, 554; Chem, Tech. Rep. 1889, 18, 11, 171. 

5. F. P. 341158, 1904; abst Mon. Sci 19Q6, 65, 47; J. » C. I. 1904, 
23, 885. See also G. Dilette and J. Talabot, F. P. 341927, 1904; abst. Mon. 
Sci. 1905, 63, 150; Chem. Zts. 1904, 3, 602. 

6. F. P. 363606, 1906; abst. C. A, 1907, 1, 2325; Mon. Sci. 1907, 67, 92. 

7. F. P. 368004, 1906; absg C. A. 1909, 3, 251; Mon. Sci. 1908, 69, 
142; Chem. Ztg. Rep, 1906, 30, 426. Motography, Aug. 12.1912, 36. 

8. U. S. P, 1309581, 1919; abst. C. A. 1919, 23, 2278; J. S. C. I, 1919, 
38, 678-A. 
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& Co., in which he has proposed to render a surface having a 
nitrocellulose coating fire-resistant by the application thereto 
and thereon, of a condensation product of phenol and formal¬ 
dehyde. On account of fhe non-pliability of these condensation 
products, ,thci(; use in this connection would be limited to rigid 
nitrocellulose articles. , 

C. Waller' both stabilizes, plasticizes and reduces the inflam¬ 
mability by the addition of woutinitronaphthalene accompanied 
by a small amount of paraffin and calcium carbonate, his process 
being designed especially for combination with the nitrostarches. 
The Berlin Aniline Co.' have protected the use of epichlorhydrin 
and dichlorhydrin for this purpose, while E. Callenberg’ has advo¬ 
cated turpentine, and E. Steele, C. Bower and H. Poehlraan' use 
nitro-phthalic acid for stabilizing and diminishing the burning 
capacity of their nitrocellulose explosive called “Steelite.” 

Dinitro-dialkyloxamides,* as dinitrodimethyloxamid and di- 
nitrodiethyloxamid; soaps, as resin soap;® fish glue,’ shellac,® 

1. tJ. S. P. psawe, 1919; abst. C. A. 1919, U, 2130. Hexachlor- 
naphthalcne has been proi)o,se(l by K. McElroy and C. Eilis, U. ,S. P. 914300, 
1909; abst. C. A. 1909, 3, 1447. See also C. Troequenet, F. P. 362989,1906; 
abst. Mon. Sci. 1907, ST, 123; 1908, SS, 6,56; 1910, 72, 4,53; Chem. Zts. 1906, 
5, ,3ftS; C. A. 1907, 1, 29.56; J. S. C. I. 1906, 25, 82.5, 9,50; F,. P. 8167, 1906; 
abst, J. S. C. I. 1906, 25, 9,50; C. A. 1907, 1, 640, 659. H. Manissadjian, 
E. P. 27201, 1908; F. P. .397429, 190fk abst. J. S. C. I. 1909, 28, 1812; C, A. 
1911, 5, 197; Mon. .Sci. 1913, 78, 392, ,5,51. 

2. E. P. 17053, 1913; abst. J. S, C. I..1914, S3, 838, Belg. P, 2.59073, 
1913; abst. Chem. Ztg. 1913, 37, 1304. F. P, 461034, 1913; abst, Chem. Ztg. 
1913, 37, 1405; 1914, 38, 241. Mon. Sci, 1914, 81, 121. 

3. F. P. 288640, 1890; 322946, 1902; add. Get, 28. 1902; abst. I. S. C. 

I. 1903, 22, 380, 760; Mon, f5ci. 1900, 58, 63; Rev. Chim. Ind, 1899, 10, 299. 
D, R. P. 108402, Belg. P. 14,5542, 1899; abst. Chem. Centr. 1900, 71, 1150; 
Chem. Tech. Rep. 1900, 35, 326; Tech. Chem. Jahr. 1899, 22, 144; Jahr. 
Chem. 1900, 53, 614; Meyer Jahr. Chem. 1900, 10, 322; Wag. Jahr. 1900, 
48,1, 401. 

4. E. P. 14676,1901; abst. J. S. C. I. lb02, 21, 1155; Arms. Expl. 1902, 
10, 143. 

5. Westfiilisch Anhaltischc Sprengstoff A. G., D. R. P. 203100, 1907; 
abst. J. S. C. 1. 1908, 27, 1178; Chem. Zentr. 1008, 79, tl, 1842; Chem. 
z«k. Rep. 1908, 32, 824; Wag. Jahr. 1908, 54, I, 437; Zts. ang. Chem. 1908, 
21, 2377; Zts. &hiess. Spreng. 1908, 3, 417 

6. Vereinigte K61n-Rottweiler I^lverfabriken, A. G., D. R. P. 195486, 
1907; abst. Chem. Zentr. 1908, 79, I, 1236; Wag. Jahr. 1908, 54, I, 436; 

J. S. C. I. 1908, 27, 693;.Zts. ang. Chem. 1908,^ 842; Chem. Ztg. Rep. 
1908, 32, 185; Jahr. Chem. 1905-1908, It, 981; Zts. Schiess. ^reng. 1908, 
3, 93. See also D. R. P. 175399; abst, Chem. Centr. 1906, Tl, 11, 1702; 
Chem. Ind. 1909, 32, 561; 1908, ^ 206. 

7. G. Woodward, E. P. 9277, 1904; abst. j. S. C. I. 1905, 24, 149; 
Chem. Ztg. Rep. 1905, U, 886. India P. Appl. 134,1905. Austral. P. Appl. 
2841. 1905. D. R. P. 171428, 1904; abst. Chem. Centr. 1906, 77, II, 736; 
Mon. Sci. 1908, 89. 45. 656- i-i-r. Chem. 1905-1908, II, ^2; Wag. Jahr. 
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sodium oleate, palmitate or stearate,' magnesium oleate (called in 
the trade, Antibenzinepyrin), and zinc acetate,* indicate the 
nature of the materials which have been proposed from time to 
time for this purpose. • 

Bodies like the paraffins, vaseline and other petroleum hy¬ 
drocarbons have been extensively employed both to reduce 
inflammability and enhance stability, as well as their nitrated 
products dinitroxylene, trinitroxylene,’ and the nitro-cumenes. 
The addition of paraffin,* beeswax,* cetyl palmitate and sper¬ 
maceti,* vaseline,' and vegetable wax,* have been used in special 
1K06, 52, II, 520; Zts. ang. Chem. I»07, 20, ;I68. Bclg. P. 177495, 1904. 
I'. S P. 80,3,592, 1905; abst. Mon. 8ci. 1906, 65, 9.3; J. ,S. C. I. 1905, 24, 1222. 
F. P. 344018, 1904; abst. Mon. Sci. 1900, 65, 47; Chcm. Zts. 1901, I, 784; 
J, 8 C. 1. 1905, 24, 1251. Aust. P. 23151; abst. J. 8. C. 1. 1904, 23, llll; 
Sci Amcr., Feb. 17, 1900. 

8. Burton, K. P. 192819, 1888; abst. Mon. ,Sci. 1889, 34, 033. 

1. K. P. 791, 1907; abst. C. A. 1907,1, 2.506. Cf. B. P. 24782, 1904; 
abst. Meyer Jahr. Chem. 1905, 15, .359; J. 8. C. I. 1905, 24, 105. 

2. A. Wolkcrsdorfer, D. R P. 748,55; abst. Jahr. Chem. 1894, 47, 

II. 34;*Bcr. 1894, 27, 815; Wag. Jahr. 1894, 40, 749; Zts. ang. Chem. 1894, 
7, 472. 

,3. J. Dclpech, Compt, rend. 1919, 169, .537; abst. C A. 1920, 14, 
408; J. .8. C. I. 1919, 30, S78-A; Ann. Rep. Soc. Chem. Ind. 1919, 4, 564. 
Cf H de Chardonnet, Compt. rend. 1919, 167, 581; abst. C. A. 1020, 14, 
225 For the use of naphthyl carbonate and phosphate, see U. Zfihl, U. S. 
P. 700884, 700885, 1902; abst, Mon. Sci, 1903, 59, 6; J. A. C. S. 1902, 24, 620. 
8imilar proposals to the foregoing have been advanced by M. Abelli, B. P. 
21.529, 1905. J. Bouchaud-lh-aceiq, E. P. 10129, 1908. H. Chapman, E. P. 

III. 5,1889. A, Combe, F. P. 438418, 1911 C. Curtis, D. Metcalf and A. 
Pearcy, E. P. 67,56, 12404. 1898. C. Curtis and G. Andre, E. P. 5821, 1891; 
abst. Wag. Jahr. 1892, 38, 377. R. Defalquc, Belg, P. 18944.5, 1906. G. 
Dime, E. P. 17497,1898; 13238,1899. C. Duttenhofer, E. P. 19408,1906. P. 
Germain, F. P. 349292,1904; Belg. P. 180720,1905. C. Gimonet, G. Firetard 
and G. Hermand, Belg. P. 229253, 1910. J. Hall, Wag. Jahr. 1874, 26, 
424; Ber. 1874, 7, 743. W. Hodgkinson, E. P. 17456, 1888. Farbwerke 
vorm. Meister, Lucius & Briining, Belg, P. 144234, 148560; E. P. 15366, 
1899; Aust. P. Anm. 1713, 1900. W. Mcrckcns and B. Manissadjian, 

D. R. P. Anm. M-37763, M-37495; Swiss P. 51960, 1910; Belg. P. 223996, 

224741, 1910. A. Nobel, E. P. 5.382,1884. Potchy, Gewerbebl. Wflrttemb. 
1899, 51, 61; S. Young, E. P. 1149.5, 1911 , 

4. Experiments conducted by the French Commission on Explosives, 
Mem. poudres, 1882-1883, 1, 483; 1884 -1889, 2, 586, 606. 

5. S. Mackie and C. Faure, E. P. 1830, 1873; abst. Chem, Ind. 1878, 
3, 205. Chem. News, 1874, 29, 166; Uingl. Poly. 1874, 213, 171; Ber. 1874, 
6, 741; Jahr. Chem. 1874, 27, 1123. S, Mackie,* C. Faure and G. Trench, 

E. P. 2062, 1874; abst. Ber. 1876, 9, 206; Bayer Ind. Gewer. 1876, 141; Wag. 
Jahr. 1876, 22, 480; Chem. Tech. Rep, 1878, IS, 388; ZU. Chem. Orossgew. 
1876,1, 233. 

6. J. Uwto, E. P. 2149, 1*80. R. Sjdberg, E. P. 2302, 1881; abst, 
Dingl. Poly. 1882, 246, 184; Chem. Ind. 1882, 5, 120; Jahr. Chem. 1882, 35, 
1411; BuU. Soc. Chim. 1882, 36, 601; Ber. 1882, IS, 266; Wag. Jahr. 1882, 
26, 404; Chem, Tech. Rep. 1883, 22, 1. 163; Proc. U. S. Nav. Inst. 1883, 6 , 
761; Chem. News, 1886, n, 101. 

7. Muencke, D. R. P. 690, 1877; abst. Wag. Jahr. 1878, 24, 466; 
Chem. Ind. 1878, 1, 127; Zts. Chem. Grosgew. 1878, S, 680; ^*^7- Hotiz. 
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instances, but only where specific properties were desired.* 

J. Clarac* renders p)Toxylin-containing products uninflam¬ 
mable by incorporating with them “resinates” or “resinoleates” 
made by the'treatment of vegetable oils with m#tallic oxides. 
Analogous are the ideas of E. Peyrusson,’ who prepares the 
ricinoleates and Sulforicinoleates of magnesium, zinc, aluminium 
and lead, the magnesium ricinoleate being especially suitable for 
blending with nitrocellulose. The method of use is to incorporate 
the nitrocellulose by means of acetone or methyl alcohol with 
the respective ricinoleate in which they are readily soluble, the prod¬ 
uct formed being but slightly inflammable, translucent, firm, 
and unaltered on exposure to the atmosphere. 

Boric acid and the wate‘r-soluble borates have long been 
known to possess valuable properties in reducing inflammability. 
W. Parkin* and O. Eaquis, E. Pichery and A. Doucet* have 
independently described the technique of the incorporation of 
boric acid with nitrocellulose in which difficultly bumable' com¬ 
pounds result in proportion to the amount of boric acid employed. 
The boric acid is dissolved to saturation in ethyl alcohol, and 
thus combined with the pyroxylin. • Esters of boric acid (methyl, 
ethyl, propyl, butyl and amyl borates),* or an ether* solution of 
boric acid has also been advocated. A point recently deter¬ 
mined* is that small amounts (0.2%) boric acid added to cellu- 
1878, $3, 160; Chem. Centr. 1878, 49, .576; Dingl. Poly. 1878, 230, 188. 

8. L. Beals, U. .S. P. 239423, 239424, 239425, 1881; abst. J. A. C. S. 
1881, 3, 68; Chera. Ind. 1881, 4, 180. 

1. F. Quarticri and E. Molinari, K. P. 19547, 1914; abst. C. A. 1916, 
10, 694. 

2. F. P. 439648, 1911; abst. C. A. 1912, 6, 3501; J. .S. C. I. 1912, 31, 
714; Chem. Ztg. 1912, 36, 610; Chera. Ztg. Rep. 1912, 36, 507. 

3. F. P. 374395, 1906; abst, J. S. C, I. 1907, 26, 776; C. A. 1909, 3, 
252. F. P. Add. 8760, 1906; abst. J. S. C. I. 1908, 27, 765. 

, 4. E. P. 22381, 1904; abst. J. S. C. I. 1905, 24, 1028; Mon. Sci. 1907, 

67, 110; 1908, 69, 655; Chem. Ztg. 1906, 30, 178. F. P. 347446, 1904; aist. 
Mon. Sci. 1906, 65, 49; J. S. C. I. 1905, 24, 344, 1028. D. R. P. 171428; 
abst. Mon. Sci. 1908, 69, 46, 666; Chem. Centr. 1906, 77, II, 736; Jahr. Chem. 
190&-1908,.II, 992; Wag. Jahr. 1906, 52, 526; Zts. ang. Chem. 1907, 20, 
368. D, R. P. 171694, 1904; abst. Chem. Centr. 1906, 77, II, 736; Jahr. 
Chem. 1905-1908, II, 992; Zts. ang. Chem. 1907, 20, 244. Belg. P. 180098, 
1904. See also W. Parkin and A. Williams, E. P. 8301, 1901; 28212, 1903; 
22381, 1904; 26667, 1909; F. P. 347446, 1905; abst. I. S. C. I. 1905, 24, 344. 

5. F. P. 346416, 1904; abst. Mon.4Sci. 1906, 65, 48; Chem. Zts. 1905, 

4, 16. 

6. F. Botrelle and G. Frctard, Belg. P, 242735, 1912. 

7. Societe Celluloid Uninflammable, Belg. P. 199328, 1907. 

S. Titanint, Ltd., and P. Bowles, E. P. 136927, 1919; abst. J. S. C. I. 
1920, W, 164-A. 
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lose ester solutions tends to preserve the viscosity of the solu¬ 
tion upon standing. “Borated benzenj,” which is merely a solu¬ 
tion of boric acid in benzene, has been recently brought forward 
as a constituent of cellulose ester lacquers and dopes for its fire- 
resisting qualities.' 

Quite similar in their action in this respect are certain com¬ 
pounds of silicon when combined with pyroxylin, v. Lenk long 
ago added water glass to “preserve” guncotton. I'ranke* patented 
a process of adding potassium silicate as an agglutinating material 
to the cellulose nitrates to decrease their burning capacity, this 
process being similar to that of J. Bickford and G. Smith.’ S. de 
Medveezky’ combined celluloid with water glass and then added 
quartz in an impalpable powder to the finished material, thus, how¬ 
ever, producing an opaque mixture. The “apiroid” of P. Nogues 
and H. Proveux’ combined silicates with aluminium acetate, 
whereby an aluminium silicate was formed by double decomposi¬ 
tion, deliquescent, water-soluble potassium acetate remaining also 
in the plastic. 

Of more valuable in this connection are members of the class 
of silicic esters, the .so-called silicic ethers, upon which much 
experimentation has been done. L. Pillion* and E. Clement 
have proposed the incorporation with nitrocellulose of methyl, 
ethyl, propyl, butyl and amyl silicates, and certain disilicic e.sters’ 
such as ethyl monosilicate, diethyl monosilicate, hexaethyl di¬ 
silicate and diethyl disilicate, all of which are soluble in such 
menstrua as alcohol, ether and acetone.* They are added so 
that the proportion of silica contained therein is about 10% of 
the nitrocellulose present in the mixture. L. Knorr and H. 

1. D. Sutherland and Wall Paper Mgf., Ud., E. P. 131082, 1918; 

abst. C. A. 1920, 14, 131. * 

2. F. P. 179452, 1886; abst. Mon. Sci. 1887, 30, 1143. 

3. E. P. 1297, 1863. 

4. E. P. 27283,1910; F. P. 436215, 1911; II. R. P. 239773, 1910; Belg. 
P. 239891, 1911; abst. C. A. 1912, 0, 154,3, 218Q; I. S. C, 1. 1912, 31, 67; 
Chem. Zentr. 1911, 82, 11, 1501; Chem. Ind. 1911, 34, 729; Chein. Ztg. Rep. 
1911, 35, 568; Wag. Jahr. 1911, 57, 11, ,5.54; Zts. ang. Chem. 1911, 24, 2288. 

6. F. P. 328054; abst. Mon. Sci. 1904, 81, 76. 

6. D. R. P. 149764, 1902; aljst, Chem. Centr. 1904, 75, 1, 1116; Chem. 
Ztg. 1904, 28, 329; Wag. Jahr. 1904, 50, 11, 511; Zts. ang. Chem. 1904, 17, 
900. N. Erfind. Erfahr. 1904, 31, 315. D. R. P. 140784. 

7. Belg. P. 225222, 1910; .Span. P. 47917, 1910; F. P. 402,569, 1909; 
E. P. 10320,1910. 

8. F. P. 325336; abst. Mon. Sci. 1904, 81, 44, Chcm.“ Zts. 1903, 2, 376. 
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Weyland' have described certain glyceryl silicates’formed by the 
action of tetraethyl silicate upon anhydrous glycerol, being gel- 
atin-like substances also possessing therapeutic value. Sec- and 
ter-glyceryl ofthosilicates are alleged to be especially valuable. 
Their apparent valuable points are insolubility m water, non¬ 
deliquescence, and 'a fair degree of stability, coupled with a 
satisfactory solubility in those fluids which dissolve nitrocel¬ 
lulose. 

The problem has also been approached from the viewpoint 
of the introduction of materials which upon heating, evolve a 
gas which is not a supporter of combustion, the water-soluble 
carbonates having been advocated for tliis purpose. Sodium or 
calcium carbonate in the hands of D. Bachrach,® sodium bicar¬ 
bonate as perfected by G. Potts,* and a bicarbonate as described 
by P. Germain* are illustrative of the products employed. The 
liberation of ammonia, as by the use of ammonium chloride or 
microcosmic salt (stxlium ammonium hydrogen phosphatfe),® or 
ammonium magnesium phosphate,® or magnesium borate’ have 
received patent protection as being especially useful in connec¬ 
tion with pyroxylin. 

Ammonium nitrate® is also said to render guncotton less 

1. U. S. P. 1178731; ab.st, C. A. 191(1, 10, 1577; J. S. C. I. 1916, 35, 
654. 1). R. P. 28.5285; abst. C. A. 1916, 10, 666; J. S. C. I. 1915, 34, 1166; 
Mon. Sci. 1918, 85 , 21; Chem. Zentr. 1915, 8 $, 1, 373; Wag. Jahr. 1915, ^ 
II, 14; Zts. ang. Chem. 1915, 28, 373. 

2. U. S. P. 667759, 692102, 743422, 794581, Re-13793; E. P. 2339, 

1901; F. P, 307743; Au.st. P. 6713, 1902; abst. C. A. 1914, 8 , 3502; J. A. C. S. 
1902, 24, 56, 381; 19(M, 28-R, 273; 1906, 28 R, 123; J. S. C. I. 1901, 20, 741; 
1902, 21, 366; 1905, 24, 901; 1914, 33, 958; Mon. Sci. 1902, 58, 77, 158; 1904, 
81, 86; Chem. Ztg. 1902, 26, 165; 1905, 29, 825; Chem. Zts. 1904, 3, 244; 
1905, 4, 451; Zts. Schiess. Spreng. 1906, 1, 50. E. P. 22070, 1903; abst. 
Chem. Ztg. 1905, 29, 225; J. S. C. I. 1904, 23, 75; Mon. Set. 1906, 65, 73. 
. 3. U. S. P. 1008615, 1911; abst. C. A. 1912, 6 , 294; J. S. C. I. 1912, 

a, 92; Mon. Sci. 1912, 77, 159. Cf. P. Germain, F. P, 349292, 1904;^bst. 
Mon. Sci. 1006, 65, 49; Chem. Zts, 1905, 4, 233; J. S. C. I. 1905, 24, 686. 

4. F. P. 349292, 1904; abst. J. S. C. I. 1908, 27, 686; Mon. Sci. 1906, 
65, 49; C^. Zts. 1905, 4, 233. 

5. E. P. 17497, 1898. See also A. Wister, U. S. P. 656845, 19()0; 
abst. Mon. Sci. 1901, 57, 121. 

6. J. Emhardt, U. S. P. 1329386, 1920; abst. J. S. C. 1.1920,39,264-A. 

7. T. Best, E. P. 16121, 1884; abst. J. S. C. I. 1884, 3, 586; 1885, 4, 
751; Wag, Jahr. 1885, 31, 1149; 1886, 32)1 1004. 

8. Barbe, F. P. 159214, 1883; 168189, 1885; abst. Mon. Sci. 1884, 26, 
506; 1885, 27, 1209. See also C. Claus, E. P. 3072, 1882; abst. J. S. C. I. 
1882, 1, 201. Equal weights of pyroxylin with zinc or Jead oxychloride, 
the ^it being finely powdered and anhydrous. 
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inflamniable. ^ M. Poliak and J. Dekoster* reduce inflammability 
by means of a tungsten salt, while organic timgsten salts* have 
also been recommended for this purpose., 

S. Hoggson and G. Pettis* have highly recommended the use 
of aluminium salts, as the alums, aluminium hy^oxide in the 
hands of R. Plaissetty,* the sulfate in the experience of C. Hage- 
mann and F. Zimmerman,* while aluminium acetate which is 
soluble in alcohol, has been used with gratifying results according 
to the patentees, P. Nogues and H. Proveux.* The methbd of 
procedure is to dissolve the salt in the mmimum of alcohol, ether 
or acetone, and gradually add this to the nitrocellulose in solu¬ 
tion. An amyl acetate mixture of magnesium sulfate,’ magnesium 
and lead oxides,® or magnesium salts soluble in alcohol other than 
the chloride, are the magnesium salts recommended as producing 
the maximum of fire resistant effect with the minimum addi¬ 
tion of salt. 

Where the transparency of the pyroxylin material is of sec¬ 
ondary consideration, calcium or ferric oxalates,’ sodium or potas¬ 
sium oxalates,'" or ammonium oxalate" have been brought for¬ 
ward as desirable bodies acting harmoniously with pyroxylin for 
diminishing the inflammability. Certain oxalic esters as diethyl 
oxalate should be useful for this purpose, although they hydro¬ 
lyze readily in the presence of moisture. Urea oxalate has been 
brought forward by J. Hamilton as a useful addition to the cellu- 

1. Belg. P. 1844S6, 1905. In this connection see E. Clement, F. P. 
402569, 1909 (addition of ethyl or methyl silicates); E P. 10.320, 1910; abst. 
Kunst. 1912, 2, 17; Span. P. 47917; Belg. P. 22.'i222. 

2. D. Lance, Belg. P. 234302, 1911. 

3. U. S. P. 237279, 245952, 1881. 

4. F. P. 298781, 1900; abst. Mon. Sci. 1901, 57, 57. Belg. P. 147946, 
1900; 1.58179, 1901. See also N. Erfind. Erfahr. 1902, 29, 122. 

5. E. P. 11456, 1898; abst, J. S. C. 1. 1898, 17, 031, 1899, M,427,602. 

6. F. P. 328054, 1902, and additions 1304, 1775; abst. J. S. C. I. 1903, 

22, 1254;Mon. Sci. 1904,81,76. ■ • 

7. H. Lagneau, E. Nebel and M. Vignes, F. P. .360912, 1905; abst, 
J. S. C. I. 1906, 25, 556; C. A. 1907, 1, 1.501; Mon, Sci. 1907, 87, 35; 1908, 
88, 656; Chem. Zts. 1906, 5, 206. 

8. S. de Medveezky, Swiss P. 58686, 1911. See also Fitzgvald, E. P. 
Appl. 26140, 1919; abst. J. S. C. I. 1919, SI, 848-A.* 

9. A. MabUle and G. I,eclerc, F. P. 317884,1902; and addn. 333 thereto; 
abst. Mon. Sd. 1903, 51, 120; 1908, 88, 866; J. S. C. I. 1902, 21, 1409. 

10. W. Greaves and B. Hann. E. P. 2^7, 1895; abst. Arms & Explo. 
1897, 5, 83; Mon. ScL 1897, 58, 168" 1898, 52, 96; Chem. Ztg. 1897, 21, 449. 

11. C. Claessen, B. P. 21147, 1011; abst. Chem. Ztg. Rep. 1912, 18, 
483; Zts. Schiess. Sprang. 1912, 7,420; J. S. C. 1,1912,U, 663; C. A. 1913,7, 
1100 . “6 . 
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lose esters for this purpose/ while J. Skoglund* lias found the • 
inflammable action of nitrocotton is materially moderated by 
the addition thereto of a.mixture of ammonium carbonate, oxalate 
and carbam:rtc. The truth is that commercial ammonium car¬ 
bonate alwaj^s contains variable amounts of ^mmoniura car¬ 
bamate as a product of its decomposition, “effloresced” ammonium 
carbonate consisting essentially of the carbamate. A mixture of 
sodium oxalate and bicarbonate has been patented for this purpose.’ 

The admixture of cellulose acetate with the corresponding 
nitrate has also been proposed to diminish the inflammability of 
the latter, as has been described by J. Schmerber and L. Morane’ 
and B. Oddo,’ the latter having described the definite compounds 
tetracctyloctonitrocellulosc, and dinitroacetylcellulose of dim¬ 
inished burning capacity. 1. Kitsce* adds sulfur and ammonium 
sulfate to nitrocellulo.se; Mcister, Lucius & Briining incorporate 
certain aromatic derivatives of sulfuric acid.’ 

Triphenyl phosphate de.scribcd elsewhere herein, combines a 
well defined solvent action for both cellulose nitrate and acetate, 
is relatively insoluble in water, of negligible hygroscopicity, and 
a valuable plasticizing and fire-reducing adjunct to pyroxylin. 
W. Lindsay and the Celluloid Co. employ it in conjunction with 
1.5% urea for a combined stabilizer and inflammability reducer. 

A. Masche’ renders paper incombustible by triphenyl phosphate 

1. J. Hamilton, Iv. P. 22102, 1806; abst. Chem, Ztg 1898, 22, 189; 
Mon. Sci. 1898, S2, 178; J. .S. C. I. 1890, 15, 704; 1897, 16, 710, 82,5. 

2. E. P. 18;i62, 1888; abst. J. S. C. I. 1889, 8 , 478; Proc. U. S. Nav. 
Inst. 1889, 15, 498; Chem. Ind. 1889, 12, 410; Chem. Tech. Rep. 1889, 28, 

1, 184. See also H, Schdneweg, H. P. 1,591, 1888; abst. J. ,S. C. 1. 1889, 8 , 

61; Wag. Jahr. 1889, 35, 478. 

3. Krupp Akt -Gcs. E. P. 10617,1909.*Sce also A. Arent (E. P. 138641, 
1920; abst. C. A. 1920, 14, 1879) for the use of amyl acetate solutions of 
antimony chloride for fireproofing celluloid, etc. 

4. F. P. 324121, 1902; abst. J. S. C. 1. 1903, 22, ,569; Chem. Zts. 1903, 

2, ,347. 

> 6. Gazz. chim. ital. 1919, 49, II, 140; abst. C. A. 1920, U, 1530. 

6. U. S. P. 900744, 1908. See also G. Galy, F. P. 400285, 1909. Cf. 
Anglo-French F. & S. Ltd., and J. Edwards, E. P. 24025, 1907; abst. J. S. 

C. I. 1909, 28,221. E. P. 10062, 1912. 

7. Belg. P. 1442H 1899; 148560,1900. E. P. 15355, 1899; abst, Mon. 
Sci. 1901, 57, 127; Chem. Ztg. 1900, 24, 1069; J. S. C. I. 1899, U, 811; 1900, 
585 682 

8. S. Hoggson and G. Pettis, U. S. P. 245982, 1881, recommend alum¬ 
inium sulfate or steatite in fine powd^e; G. de Briailles, E. P. 8542,1908, 
mechanical combination with gelatin (preferably), chondrin; E. Cadoret and 
E. Delgraide (E. P. 21485,1892; abst. J. S. C. 1. 1893,12, 779) add "campho- 
gine," which is obtained by decomposing turpentine by HCl gas, adding zinc, 
and boiling witji an alkali, when complete incombustibility, it is claimed, is 
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and tricresyl phosphate. Trinaphthyl phosphate is less suitable. 

When nitrocellulose or celluloid is ignited, the heat of combus¬ 
tion is sufficient to raise the surrouncfing portions to ignition 
temperature, the result being that the combust ioa of the mass 
proceeds throughout its entire substance. If there is incorporated 
a non-combustible or difficultly burnable constituent, then the 
ignition of the pyroxylin mass becomes more difficult in propor¬ 
tion to the mass of the non-combustible component. The initial 
combustion of the cellulose ester mass causes the evolution of heat 
which is partially dissipated by radiation, and partially consumed 
in heating up the balance of the mass. 

When pure nitrocellulose or celluloid is used, the heat evolved 
is sufficient for combustion to spread throughout the mass, but 
with other 1x)dies present there is a diffusion of the heat, and a 
portion is used in heating the non-combustible portion, with 
the result that the liability of the entire mass being heated to the 
igniticta point is correspondingly diminished. The total effect, 
however, is directly dependent on the mass of inert substance 
and its nature. 

While it is true that the addition of a large amount of inert 

obtained; L. B6thisy and M. Rose et Cic., F. P. 347303, 1904; abst. Hon. 
Sci. 1906, 85, 112; Chem. Zts. 190.5, 4, 89; C. A. 1907, 1, 3.58; J. S. C. I. 1905, 
24, 344, whose process is described as follows: Cellulose, 3, is acted tjpon 
by a mixture of nitric acid of 42®, 24, and sulfuric acid of B6., 66. This 
mixture is allowed to react for twenty-five minutes, is then washed, dried, 
etc., and bleached with a mixture of calcium chloride 100 k., aluminium 
sulfate 60, magnesium sulfate 23, and water 2000 1. A solution of citric 
acid (citric acid 50 and alcohol of 907n 100) 20. and oil d’aspic 5, is introduced 
into a ground mixture of crystallized zinc chloride 75. This is finally dis¬ 
solved in: Amyl acetate 2,700, ether 15, alcohol of 90% 7500, crysttdlized 
acetic acid 800, (^Icium chloride dissolved in its own weight of alcohol of 
00%, 20. C. Hagemann and T. Zimmerman (U. S P. 657536, 1900; D. R. 
P. 99577. 1900; abst. Wag. Jahr. 1898, 44. 1203; Chem. Centr. 1899, 70, I, 
80; Chem. Ztg. 1898. 22, 980; Zts. ang. Chem. 1898. 11, 1153; Jahr. Chem. 
1898, 1382; Mon. Sci. 1899, 54, 56) dissolve wet nitrocellulose (containii^; 

about 50% water) in acetone to a semifluid mass. A concentrated aqueous 
Mlution of a salt of a metal—as, for instance aluminium sulfate—is gradually 
incorporated with the ma% by trituration or kneading, to obtain a homo¬ 
geneous and transparent plastic. An alkali, as caustic soda, is then gradually 
incorporated with the compound until neutralization—which can be readily 
sera by the fact that the mass becomes suddenly crumbly and friable, alum¬ 
inium hydroxide being precipitated—has been completed, the product being 
known in this state as "hydrocellite.” This consists essentially of altiminium 
hydrate, sodium sulfate, nitrocellulose and water. The so^um sulfate is 
removed by washing, the mass dried and incorporated mih camphor to fmm 
a commercial, workable plastic. One point of advantage of this materiai 
is tlmt the density and degree of hardness may be varied within wide limits, 
and that the drying is fraught with no danger. * • 
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substance will reduce the probability of the balance of the mass 
igniting, it is also equally true that the product will be further 
removed from nitrocellulose in its desirable properties, unless 
some substance be employed which closely "resembles nitro¬ 
cellulose in its physical deportment. Such a material has as 
yet, not been found. 

The heat of combustion may be further attenuated by mak¬ 
ing it do work, so that the "heat energy” is utilized in initiating 
chemical reactions. The class of substances of this type can be 
decomposed on the application of heat, and are thus exothermic 
in their character, in that they require the expenditure of energy 
to decompose them, and are incapable of decomposition unless 
the supply of energy is maintained. A variety of these sub¬ 
stances has been used for this purpose, as has been stated above. 
Some substances as the carbonates, oxalates and ammonium com¬ 
pounds evolve gases on heating, which do not support combus¬ 
tion, and continued ignition is thereby inhibited or checked by 
limiting the supply of air. 

It appears probable that the effect of reducing the inflam¬ 
mability of the nitrated celluloses by the addition of many metal¬ 
lic salts and certain oxides is principally attributable to their 
presence in sufficient amount to reduce the temperature of com¬ 
bustion below ignition point. With salts such as the inorganic 
haloids, boric acid, silica and salts of tungsten and molybdenum 
which have been used for this purpose, little or no decomposition 
ensues provided the mass is kept, dry. The addition of such 
materials as gelatin, resins, metallic oleates, palmitates and stear¬ 
ates, presumably owe their effect to the relatively large amount 
of heat necessary to decompose them. A comprehensive classi¬ 
fication of these bodies is difficult, however, as but little tangible 
datum seems to have been recorded as to the calorimetric prob¬ 
lems connected with the combustion of nitrocellulose, and the 
so-called inflammable celluloid. 

The term non-inflammable as applied to celluloid in this con¬ 
nection is decidedly ambiguous and somewhat of a misnomer, 
since the substances added only tetd to raise the temperature of 
ignition and dissipate the heat evolved on combustion. The 
question of non-inflammability is primarily one of comparison— 
a relative expression—and no nitrocejulose product, however 
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treated, cau properly be termed non-inflammable.* A better 
term, perhaps, would be less or difficultly inflammable. 

Several writers have claimed tliat nitrocellulose or celluloid 
to which has been added other inert aitjl inorganic substances in 
amounts sufficient to materially decrease the flammation, should 
properly not be considered as cellulose nitrate or* celluloid, but 
rather as a profoundly modified product, and their reasoning 
appears logical. So many seemingly unimportant points have 
to be taken into consideration in the selection and incorporation 
of a product designed to diminish the inflammability in tlie cellu¬ 
lose nitrates, in order that the valuable properties of moldability, 
thermoplasticity, solubility, elasticity and elongation, viscosity, 
tensile strength, endining stability and transparency be substan¬ 
tially conserved, that the successful solution of the problem has 
been exceedingly difficult. In fact, its elucidation is still in the 
future. It is one thing to materially reduce the inflammability, 
but quite another and much more difficult procedure to have con¬ 
served the valuable properties of the cellulose ester alter doing so. 

Ballistics of Nitrocellulose. The general subject of the bal¬ 
listics of smokeless powders and nitrocellulose containing explo¬ 
sives forms a separate chapter in Volume VII of this scries. In 
this topic is touched upon some of the principles connected with 
the ballistics and the thermal considerations of the cellulose 
nitrates only, reserving their treatment in extenso for Volume VII. 

As early as 1847 C. Combes* conducted quite elaborate bal¬ 
listic and blasting experiments with guncotton, which was fol¬ 
lowed by the investigations of G. Clark* and H. Sebert.* It was 
early found* that guncotton could be detonated, and will develop 

1. D. R. P. 207407, 1913; abst. C. A, 1914, 8 , 1011; Chera. Ztg. Rep. 
1913, 37, 680; Wag. Jahr. 1913, 59, II, .002; Zts. ang. Chcm. 1914. 27, 25. 
W. Lindsay and the Celluloid Co. stabilize with 1.5% urea in conjunction, 
preferably with triphenyl phosphate, as shown by their patents; U. S. P. 
1050065, 1913; abst. J. S. C. I. 1913, 32, 133; Kunst. 1913, 3, 218. D. R. P. 
263056. 1910; abst. Kunst 1913, 3, 375. See also E. P. 10794, 1910; abs*. 
J. S. C. 1. 1911, 30. 679. F. P. 415517, 1910; abst. J. S. C. I. 1910, 29, 1299; 
Mon. Sci. 1912, 77, 9, E. P. 10795, 1910; abst. J. S. C. I. 1911, SO, 205. 
F. P. 418518, 1910; abst. J. S. C. 1. 1910, 29, 1299; Mon. Sci. 1912, 77, 9, 
U. S. P. 1045990, 1913; abst. J. S. C. I. 1913, 82, 19; C. A. 1913,699. U. 
S. P. 1067785, 1913; abst. J. S. C. I. 1913, 32,823; C. A. 1913, 7, 3025. 

2. Compt. rend. 1848, 20, 61; Dingl. Poly. 1848, 108, 141; abst. Jahr. 
Chem. 1847-1848,1, 1144. 

3. Amer. Chemist, 1870,1,436. 

4. Mem. poud. salp. 18^, 1, 109. 

6. See Deut. Industrieztg. 1869, 178; Dingl. Poly. 1869, 192, 165; 
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greater power in that manner, and M. v, Poster^ showed con¬ 
clusively that guncotton containing 25% of water'has a stronger 
action than when dry, when used in the open, while increasing 
the specific gravity tends to the same effect. He reports an 
experiment in which a lead cylinder filled with nitrocellulose and 
detonated, sfiowed six times greater force at tfie point where the 
detonating cap had been placed. 

L. Troost and P. Hautefeuille,^ in determining the heat of 
combustion of nitrous and nitric acid with various compounds, 
showed that one equivalent of guncotton is equal to 52000 heat 
units. A. VogeP proved the presence of nitric and nitrous acid 
in the combustion of guncotton by burning in a cylinder, and 
aspirating through starch iodide and also litmus solutions. G. 
McRoberts,^ in detennining the force of disruption of various 
explosives, found that “dinitrocelliilose” gives an energy in foot 
pounds of 550. 

M. Berthelot* has determined the speed of transmission of 
the explosion Waves for various substances and including gun¬ 
cotton, the latter, in lead tubes with a density of loading of 
0.9-1.2, giving .3903 to 4267 meters per second; in tin tubes, 
density, 1.4, 481S-C238 m. per second. The heat of formation of 
guncotton* was found equivalent to 919 calories per gram (549 
Industriebl. 1869, 93; Poly. NotizbI. 1869, 24, 156; Wiederhold's Gewerbebl. 
1869, 69; Chem. Tech. Rep, 1869, 8, 1, 103. 

1. Dingl. Poly. 1883, 250, 466; 1884, 251, ,371; 1886, 251, 25; 188, 
289, 240; Chem, News, 1885, 52, 185; J. C. .S. 1884, 46, 948; J, S, C. I. 1884, 

3, 329, 330; 1886, 5, 502; Van Nostrand’s Engrg. Mag. 1884, 31, 113; Proc. 
U, S, Nav, Inst, 1885, 11, 109; 18S6, 12, 56;); 1889, 15, 513; Chem. Ind, 
1884, 7, 133; Chem. Tech. Rep, 1884, 23, I, 200; 1886, 25, I, 158; It, 296; 
Chem. Ztg. 1884, 8, 348; 1886, 10, 5;)0; Jahr. Chem. 1884, 37, 1760; 1886, 
39, 2077; Wag, Jahr, 1886, 32, 324; Pop.'Sci. Mon. 1888, 32, 133. 

2. Compt. rend. 1871, 73, 378; Bull, Soc, Chim, 1871, 16, 218; Zts, 
Chem, 1871, 14, 344; Jahr, Chem. 1871, 24, 82; J. C. S. 1871, 24, 871. 

3. N. Rep. Pharm. 24, 723; abst. Jahr. Chem. 1875, 28, 153. 

4. J. S. C. I. 1890, 9, 265, 476; abst. Zts. ang. Chem. 1890, 3, 492; 

S ag. Jahr. 1890, 36, 541; Chem. Ztg. 1890, U, 379; Chem. Tech. Rep. 1890, 

, I, 226; II, 146; Jahr, Chem. 1800, 43, 2705, 2708; Tech. 0hem. Jahr. 
1890-1891, 13, 156, 161, 171; Dingl. Poly. 1890, 278, 418; Mon. Sci. 1891, 
37, 391; Bull. Soc. Chim. 1891, 6, 518, 521; Rev. chim. ind. 1891, 2, 267; 
Chem. Ind. 1891, M, 74. 

5. Compt. rend. 1C8S, 100, 314; Ann. Chim. Phys. 1885, 6, 556; abst. 
Proc. U. S. Nav. Inst. 1886, 12, 188; Amer. J. Sci. 1886, 31, 149; J. A. C. S. 
1885, 7, 93; Chem. News, 1885, 51, 142; Jahr. Chem. 1885, 38, 179; Mon. 
Sci. 1886, 27, 312; Rev. Sci. 1885, M, 248; Dingl. Poly. 1885, 256, 408; J. S. 

C. I. 1885, 4, 509; Bull. Soc. Chim. 188» 43, ,536; Ber. 1885, 18, 135-R; J. C. 

S. 1885, 48, 478; Rev. Ind. 1886, 188; Wag. Jahr. 1885, 31, 295. 

8. Ann. Chim. Phys. 1876, 9, 146, 161; abst. Jahr. Chem. 1876, 29, 
99; Wag. Jahr. 1878, 24, 467. 
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gm. gave 502000 cal.)- He' states the heat of combustion of 
nitrocellulose to be 55000; nitromannitc, 21200; and nitrostarch, 
12000 calories respectively. 

C. Goettig’ in investigating the chemical processes which 
take place on the decomposition of nitro-compounds, has given 
the composition of the gases of combustion of guntotton, but his 
results have been taken exception to by later experimenters. The 
velocity of detonation in meters per second of dry guncotton is 
given as .3900 for 0.9 density, 4300 for 1.2 density, and 4S00-0200 
for 1.4 density, while wet with 15% water, the velocity has been 
given as 5.500-5800. Nitromannitol of 1.5 density gives under 
the same conditions, 7000; and 1.9 density, 7700. 

W. Macnab and A. Leighton,“ in the analysis of a number 
of smokeless powders, give tlie following results: for Walsnxle 
powder consisting of practically pure nitrcK'ellulose (98.0% n.c., 

I. 4% volatile matter): calories per gm., 1014; pennanent gas, 
cc. per gm. 609; aqueous vapor, cc. per gm. 200; total volume of 
gas at 0° and 700 mm. 875; composition of permanent gas, CO, 
48.2%,; CO 2 , 21.3%,; CH,, 0.4%; H, 10.1%,; N, 14.8%. 

According to E. Sarrau and P. Vieille,' the combustion of 
organic compounds which do not contain sufficient oxygen for 
complete oxidation, like the cellulose nitrates, results in the forma¬ 
tion of a state of equilibrium Iretween the gaseous products, some 
of which arc completely oxidized as CO2 and H2O, while in others 
as CO, H2 and CH4, oxidation is incomplete. Their experiments 
have shown that the conditions of final equilibrium change with 
an increase in the weight of substance exploded in the same 
space, i. e., with an increase in the pressure produced by the 
products. Two principal reactions are concerned in the progres- 

1. 'compt. rend. 1871, 73, 260; Bull. Soc. Chim. 1871, Ifi, 223; abst. 
Zts. Chem. 1871, 14, 34.5; Jahr. Chem, 1871, 24, 81; Hev. Sci. 1871, 3, 286; 

J. C. S. 1871, 24, 872. M. Bcrthelot and P. Vicille, Ann. Chim. Phys. 1883, 
28, 289, 332; Bull. .Soc. Chim. 1883, 48, 353; Compt. rend. 1883, 98, 675; 
Jahr. Chem. 1883, 36, 151. 

2. Ber. 1898, 31, 25; abst. J. S. C. 1. 1898, 17, 271; J. C. ,S. 1898, 74, 
i, 244; Chem. Centr. 1898, 89, I, 538; Jahr. Chem. 1898, 81, 1383; Wag. 
Jahr. 1898, 44, 381; Bull. Soc. Chim. 1808, 20, 642; Mon. Sci. 1898, ^ 504; 
Tech. Chem. Jahr. 1898-1899,21, 146. 

3. J. S. C. I. 1904, 23, 298; abst. Jahr. Chem. 1904, 57, 819; Chem. 
Centr. 1904, 75, 1, 1677. 

4. Compt. rend. 1887, 105, lfi22; abst. Jahr. Chem. 1887, 40, 47; Wag. 
Jahr. 1888, 14, 501; Zts. ang. Chem. 1888, 1, 59; Tech. Chem. Jahr. 1887- 
1888, 10, 202; J. C. S. 1888, 54, 339. 
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sive alteration of equilibrium. The first CO + HjO + Hj, 
usually occurs, but 2CO + 2H20 + CO 2 + CH<‘ .takes place 
when the first has reduced the proportion of water vapor and in¬ 
creased that, of free hydrogen to a certain extent, or when the 
explosive contains such a relatively small amount of oxygen that 
water is form6d in small quantity. The authors find this first 
reaction to take place with a nitrocellulose of CsiHjjNuOu, their 
results being: 


Density 

of Gas Methane 

0.010 33CO -t- ISCOj + 8H, -t- IIN, 21H,0, 0.00 

0.023 30CO + ISCOi -I- IIH, + UN, -h 18H,0, 0.00 

0.200 27CO-H 21CO,-h UHi-h llNi-t-15H,0, 0.006 

0.300 26CO -I- 22CO, -|- 15H, + IIN, -f 14H,0, 0.016 

The temperature of final equilibrium is about 3000®, the 
pressure varying between 100 and 4000 atmospheres. 

They have also studied the decomposition of ordinary gun¬ 
cotton* under various conditions, and find that at pressures near 
that of the nortpal atmosphere, the whole of the nitrogen is 
eliminated as nitric oxide, but at higher pressures it is reduced, 
and the sole products of combustion are Nj, Hj, CO, CO 2 and H 2 O, 
the proportion of carbon monoxide and water decreasing with 
increase of pressure, while that'of the carbon dioxide and hydro¬ 
gen increases. The heat of combustion of guncotton was found 
to be 1070 cals, per kilo, and the heat of formation 542 per kilo. 


or 620 per equivalent. 

P. Champion and H. Pellet* made extensive experiments on 
the explosion of wet guncotton by means of mercury fulminate 


caps, as well as the influence of starch on the explosibility. Com¬ 
parison of wet gimcotton with a nitro explosive such as picric 

1. Compt. rend. 1879, 88 , 165, 169; 1889. 90, 1058, 1112; LS81, 93, 

269; abst. Chem. News, 1879, 40, 89; 1880, 41, 273, 282; 42, 282; J. A. C. S. 
1879, 1. 399; 1880, 2, 435; J. C. S. 1880, 38, 780; 1881, 40, 342, 483; Bull. 
Sqc. Chim. 1880, 33, 581; 34, 556; Mon. Sci. 1879, 21, 958; 1880, 22, 680, 
686; Rev. Sci. 1879, 24, 117; Ber. 1879, 12, 2157; 1880, 13, 1369,14?7; Chem. 
Centr. 1880, 81, 391; Chem. Ind. 1879, 2, 322; Chem. Tech. Rep. 1879, 18, 
11, 218; Dingl. Poly. 1879, 23^ 494; 1880, 237,253; Jahr. rein Chem. 1880, 
8, 31; Jahr. Chem. 1879, 32, 1116; 1880, 33, 127, 1303, 1304, 1881, 34, 1131; 
Wag, Jahr. 'i879, 25, 419;.1880, 26, 380. J. C. S. 1881, 40, 342, 968. See 
also Rev. Sci. 1881, 28, 190, 221. _ „ 

2. Compt. rend. 1875, 81, 982; abst. Jahr. Chem. 1875, 28, 1076; 
Jahr, rein Chem. 1875, 3, 456; Chem. Tech. Rep. 1875, 14, 11, 2l8; BuU. 
Soc. Chim, 1875, M, 439; Amer. Chemish 1876, 6, 232; Mon, Sci. 1876, 18, 
193; Wag. Jahr. 1876, U, 480; See also Jahr. Chem. 1876, 29, 101; J. C. S. 
1877, 30, 228. 
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add, shows that the former is relatively sensitive to shock. The 
liability of dry guncotton to explode •on striking or by rough 
handling is undoubtedly the cause of many explosions in which 
this material has been used. * 

L. von Karolyi' and W. Maaiab and E. Ristori’ have deter¬ 
mined the decomposition of guncotton, the former using a deca- 
nitroccllulose, and the latter an ester of 13.3% N. 

Macnab 

and 

Karolyi Ristori 

Carbon dioxide . . . 20% 29 27% 

Carlwn monoxide_ 30% 38.52% 

Methane. 10% 0 24% 

Hydrogen. 0.24% 

Nitric oxide. 9% . 

Nitrogen. 8% 13 60% 

Water. 28% 18.30% 

C. RichcE obtained gases of about the same composition as 

those found by Macnab and Ristori. Assuming that the water 
is not condensed, one kilo of guncotton gives about 875 liters of 
gas reduced to normal temperature and pressure, according to 
Bichcl. Various equations have been proposed to represent the 
decomposition of nitrocellulose, but it is stated by Bichel that 
a satisfactory equation is not possible, as the conditions of the 
individual experiment have an influence on tlie composition of 
the various products. B- Sarrau and P. Vieille state* that in 
all instances where the explosive does not contain sufficient oxygen 

1. Wien. Akad. Her. 47, .59; Pogg. Ann. Phys. 1863, lit, 644; Poly. 
Centr. 1863, 29, 996; Dingl. Poly. 1863, Ul, 158; 169, 426; abst. J. prakt. 
Chein. 1863, 90, 129; Wittstein’s Vierteljahrschr. 1864, 13, 73; Chem. Centr. 
1863, 34, 596; Jahr. Pharm. 19, 313; Wag. Jahr. 1883, 9, 304; Bull. Soc. 
Chim. 1863, 5, 613; Poly. Notixbl. 1863, U, 112; Jahr. Chem. 1863, M, 744; 
Phil. Mag. 1863, 26, 266. 

2. Proc. Roy. .Soc. 1900, 66, 221; abst. J. S. C. I. 1900, 19, 467; Jalfr. 
Chem. 1900, 53, 615. Sec also Proc. Roy. Soc. 1894, 56, 8, 19; abst. J. S. 

C. I. 1894, 13, 973; J. C. S. 1895, 66, ii, 434; Jahr. Chem, 1894, 47, 293; 
Wag. Jahr. 1895, 41, 472; Ber. 1895, 2t, 1018; Mon. Sci. 1896, 45, 148; Mitth. 
Gegenst. Artill. Geniew. 1894, 93; Arms & Explo. 1894, 2, 178, l93. 

3. Zts. Berg. u. HOttenw. 1902, 666; Gllickauf, 1906, 41, 1194; Marine 
Rundschau, 1905, 1345; Zts. Schiess. Spreng. 1906, 1, 13, 14, 31, 155, 178; 
1908, 3, 340, ,365, 393, 403; abst. C. A. 1909, 3. 1214; Mon. Sci. 1906, *4, 
849; Meyer Jahr. Chem. 1906, 16) 328; 1908, 18, 308; Tech. Chem. Jahr. 
1905, 28, 205, 206; Wag. Jahr. 1902, 48, I, 369, 370, 371; 1906, 52, I, 497; 
1908, 54, 1,454. 

4. Compt. rend. 1887, U5, 1222; abst. Jahr. Chem. 1887, 40, 47; t 

Wag. Jahr. 1^, 34, .501; Zts. ang. Chem. 1888, 1, 59; "^h. Chem. Jahr. 
1887-1888, 10, 202; J. C. S. 1888, 6, 339. • 
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for complete combustion, that an equilibrium may be reached 
between the jgascous products, the equilibrium being affected by 
the density of the charge. If the cellulose nitrate is burned in 
an excess of (weygen or air, the products of decomposition are 
entirely different. 

There also appears to be tnistworthy evidence for believing 
that the products as determined with the cooled gases are differ¬ 
ent from those liberated at the moment of explosion. O. Poppen- 
berg and E. Stephan’ consider that the difference in composition 
of the gas primarily due to the density of loading can be 
ascribed to secondary reactions. With high density of loading 
there is a larger amount of heat to be conducted away through 
the same surface, consequently the cooling is retarded. There 
is then a greater opportunity for the initiation of secondary reac¬ 
tions to take place, than when the products are cooled. 

In 1895 A. IJoble (not A. Nobel) published his experiments* 
showing the transformation during explosion, and the pressure 
developed, when guncotton and smokeless powders, are fired in 
a closed vessel. The following tables show the effect of pressure 
on the composition of the resulting gases, when guncotton is 
fired under different conditions, the- amount of CO 2 increasing 
with the pressure. 

Under a pressure of about 10 tons per square inch, strand 
guncotton developed 1008 calories (water fluid), 689 cc. of per¬ 
manent gas, and 162.6 cc. of aqueous vapor, per gm. at 0° and 
760 mm. pressure. 

In a subsequent research,” the object of which was' to ascer- 

1. Zt9. Schiess. Spreng. 1909, 4, 281, 30,5, 388; 1910, S, 266, 2'91, 310, 

462, 474; abst. C. A. 1910, 4, 1676. 31,39; 1911, S, 1515; J. S. C. I. 1910, 29, 
1083; Chem. Zentr. 1909, 80, II. 1506; 1910, 81, 11, 1004; 1911, 82, I, 851; 
Jaiir. Chem. 1909, 62, 1, 149; 1910, 6S, I, 644; Meyer Jahr. Chem. 1909, 19, 
331; 1910, 20, 326; Wag. Jahr. 1909, 55, I, 435, 437, 447; 1910, 58, I. 500. 
Sec also H. Kast, Zts. Schiess. Spreng. 1910, 5, 205, 248, 376, 399; abst. C. 
A. 1910 . 4,- 2877; J. S. C. I. 1910, 29, 1273; Chem. Zentr. 1910, 81, II, 770, 
1960; Jahr. Chem. 1910, 63, 1, 643; Meyer Jahr. Chem. 1910, 20, 326; Wag. 
Jahr. 1910, 56, 1, 600. ' ' 

2. Proc. Roy. Soc. 1894, 56, 205; abst. J. S. C. I. 1895, 14, 185; Rev. 
Sci. 1894, (4), 1, 251. 

3. Proc. Roy. Soc. 1905, 76A, 381,, 612; 1906, 78A, 218; Trans. Roy. 
Soc. 1906, 206A, 453; abst. Arms & ExpV 1906, 14, 160; J. S. C. I. 1905, 
24, 940; 1906, iS, 40, 1003; Chem. Centr. 1906, 76, II, 995; 1906, 77, 11, 
311, 1887; Jahr. Chem. 1905-1908, II, 980; Meyer Jahr. Chem. 1905, 15, 
369. See also U Nature, 1900, 62, 86, 111; abst. Wag. Jahr. 1900, 46, 
1. 409., 
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TABLE CXXXV.—ANALYSIS OP STRAND AND PELLET GUN¬ 
COTTON WHEN FIRED IN A CLOSED VESSEL 
• BY DETONATION 

Strand Guncotton . Psluet Guncotton 
Pressure* » Pressure 

per Square Inch per Square Inch 


‘ 1 ton 3 tons 3 tons 10 tons 

CO, (vols.). 19.21 29.08 25.76 28.50 

CO(vols.). 41.25 32.88 39.34 37.48 

H (vols.). 23.07 20.14 18.71 20 97 

N(vols.). 16.21 17.50 16.19 15.05 

CHi (vols.). 0 26 0.75 None None 


• The pressures given are those due to the gravimetric density ol the 
charge. 

tain the differences in transformation which modem explosives 
suffer when fired under gradually increasing, but considerable 
differences in pressure, cordite Mark I, cordite MD, and nitro¬ 
cellulose (known as R. R. Rottweil) were studied, the results 
obtained with the latter being shown in the following table: 


TABLE CXXXVI.—NITROCELLULOSE 


Lfensity of charge exploded. 

0.05 

0.222 

0.45 

Volume of permanent gas per gm. 

814 7 

7.59 2 

680.9 

Volume of total gas per gm .. . . 

993 1 

922 3 

816.3 

Percentage volume of perma* 




nent gases. CO^ 

17.90 

25.10 

35 00 

CO 

43.45 

36 55 

27.85 

H 

24.40 

20.25 

12.65 

CH, 

0.60 

4 70 

11.10 

N 

13 65 

13 40 

13.40 

Percentage volume of total gases COj 

14.68 

20.66 

29 16 

CO 

35.63 

30.09 

23.20 

H 

20.01 

16.67 

10.54 

CH, 

0 49 

3.87 

9.25 

N 

‘ 11.19 

11.03 ■ 

11.16 

H,0 

18.00 

17.68 

16 69 

Pressure in tons per sq. in. 

3 35 

16.47 

* 40 5 

Units of heat (water nuid). 

896.1 

931.0 

1036.9 

Temperature of explosion, ^ C. 

3488.1 

3667.7 

4282.9 

Comparative potential energy. 

0.7389 

0.7438 

0.7686 


Holbom and Austin* have shown that the specific heats of 
carbon dioxide increases with rise of temperature, the increments 
gradually becoming smaller. It is assumed from extrapolation 
that the specific heat at constant volume becomes constant at 
1300°, viz., 0.2111. The temperature of explosion of nitrocellu¬ 
lose when calculated by A. Noble on this basis,* and also from 

1. SiUber. Preuss. Akad. Wiss. Berlin, 1905, 5, 175; abst. J. C. S. 
1905, 88, ii, 228; Chem. Centr. 1905, 76, I, 713; Jahr. Chem. 1905-1908, 
I. 3^; J. S. C. t. 1906, 25,40. 

2. Proc. Roy. Soc. 1905,76A, 512; abst.^. S, C. I. 1906, 25,40. 
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he pressure, assuming the following law to hold :—t =» - - — 

0.00367p° 


ives the following values; 

CORDITB 

CoKDITE M« D. 

NiTROCBi.i.m.oss 

Density 

Temp. 

Temp. 

from 

Temp. 

Temp. 

from 

T(yip. 

Temp. 

from 

of 

from 

Sp. 

from 

Sp. 

from 

Sp. 

Charge 

Pressure 

Heat 

Pressure 

Heat 

Pressure Heat 

0.50 

6276 

5263 





0.46 

6090 

6090 

47i3 

4624 

4305 

3954 

0.40 

4902 

4970 

4494 

4411 

4007 

3890 

0.35 

4710 

4860 

4200 

4216 

4030 

3795 

0.30 

4480 

4800 

3920 

4070 

,3320 

3670 

0.25 

4165 

4770 

3,585 

3945 

3060 

3630 

0 20 

3838 

4700 

3240 

3870 

2835 

.3425 

0.15 

3490 

4760 • 

2890 

3840 

2680 

3346 

0.10 

3140 

4790 

2530 

3830 

2520 

3295 

0.05 

2775 

4800 

2160 

3860 

2400 

3255 

In 

the fourth 

of his 

researches 

on explosives, A. 

Noble,' 


las recorded results with R. R. Rottweil nitrocellulose {containing 


■iS.S'Jc soluble, and 14.5% insoluble ester), the temperature of 
formation of the nitrocellulose being 3200°, while the percentage 
Df CO 2 found was but 19.45%,. The specific heat of the gases com¬ 
posing the products of explosion may be taken as approximately 
0.28. If blasting gelatin (8% collodion cotton) is taken as 100 
for the lead block test and 100 according to the energy content, 
then guncotton gives similar values of 29 and 54 respectively. 
Where the density of loading of guncotton is 1.25, the velocity of 
detonation in meters per second is given as 0383, and the con- 
cussive energy in sec./kgm./meters as 2070589. The dynamic 
concussive energy of an explosive is one of its most important 
characteristics. 

C. Munroe’ reports an instance of a cast iron shell charged 
with wet •guncotton, whiclfupon firing in sand, fused or sintered 
the surrounding sand in the form of a tube resembling fulgurites. 
The experiments of L. Roux and E. Sarrau’ indicate 1056.3 heat 

1. Trans. Roy. Soc. 1906, J06A, 453; abst. J. S. C. I. 1906, 2S, 1003. 

2. Amer. J. Sci. 1917, 43, 389; abst. J. S. C. I. 1917, 38, 669; C. A 
1917, U, 2043. 

3. Compt. rend. 1873, 77, 138, 303, 498, Mon. Sci. 1873f IS, 496 
514, 838, 906, 1007; abst. Chcm. News, 1873, 28, 142; Dingl. Poly. 1873 
2#9, 303; 210, 21; Wag. Jahr. 1873, 19, 346, 3.52; Los Mondes, 1873 (Aug.) 
Amer. Chemist. 1874, 4, 435; Jahr. Chem 1873, 36, 1028; Rev. Sci. 1873, (2) 
3, 216; J. C. S. 1874, 27, 119. Compt,rend. 1874, 79, 7.57; abst. J. C, S. 1875 
28, 126. See also Compt. rend. 1874, 79, 577; abst. Amer. Chemist, 1875 
5, 428; Poly. Centr. 1874, 40, 1292; Wag. Jahr. 1875, 21, 527; Rev. d'Artil 
1876, 5,349. 
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units C. are given off by the explosion of guncotton, this indicat¬ 
ing a temperature of 3700”, while Nobel and Abel found 4400°. 
Berthelot has estimated that guncotton of 1.1 density, exploded 
in its own volume, will generate a pressure of 100 tons per square 
inch. The rate of propagation of the explosive wave of gun¬ 
cotton in rigid tuljes has been found to be .lbOO-6000 meters per 
second. C. Munroe has shown at the naval guncotton factory, 
Newport, R. I., that thoroughly dry guncotton can be detonated 
by 3 grains of mercury fulminate; air-dry guncotton by 5 grains 
if the fulminate be confined in copper tubes, and the tubes are 
in close contact with the nitrocotton. 

The Action of Fungi on Nitrocellulose. T. Bokomy' has 
investigated the action of various fungi and moulds upon nitro¬ 
cellulose and the nitrated carbohydrates and has found that 
cellulose tri-nitrate serves as a food supply for moulds when 
suspended in sterile distilled water containing the requisite 
mineral matter and kept in the dark. The nitrocellulose appears 
to serve as a source of carbon, perhaps also as a nitrogen source. 
Wien treated with a solution of calcium nitrate, potassium 
phosphate and magnesium sulfate, fungi developed in large num¬ 
bers within twelve days which adhered to and distinctly corroded 
the nitrocellulose fiber. Pure cellulose treated in the same 
manner and under comparable conditions gave a negative re¬ 
sult. Glycerol has been found to retard, if not prevent their 
growth. 

M. Jacque^ has reported upon the influence of micro-organ¬ 
isms and vegetable acids upon the stability of nitric esters, and 
concludes that the action of small organisms such as Micrococcus 
prodigiosus and others, which sometimes develop in the storage of 
collodion and guncotton, does not seem to modify the' stability 
of these substances. He points out, however, the possible efliect 
,of certain salts which are necessary to tlie growth,, of these bac¬ 
teria, for, although the regularly manufactured products ■will 
never contain them, yet nevertheless, the water used for manu¬ 
facture may contain, suflficient amounts of these salts to exert an 

1, Chem. Ztg. 1896, 20,985; abst. Jahr. Chem. 1896, 49, 1031; Chem. 
Centr. 1897, 60, I, 30; J. C. S. 1898, 74, u, 39. Ct. T. Bokomy, Pflugers 
Archives, 1896, 64, 262; abst, J. C, S. 1896,70, ii, 669. 

2. Seventh Inti. Cong. Appl. Ch^. 1909, SB, 63; Zts. Schiess. Spreng. 
1910, 5,81; abst. C. A. 1910, 4, 1546; J, S. C. I. 1910, 29,373; Chem. Zentr. 
1910, 81,1, 2147; Zts. eng. Chem. 1910,23,1199. 
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appreciable influence. Nitroglycerol and nitroglycerol powders 
may be consMered as antiseptic media, in that living organisms 
cannot thrive in them. Vegetable and organic matter neverthe¬ 
less have an indirect action on the stability of nitric esters; the 
prolonged action of weak acids such as are formed in the first 
washings of these esters, may possibly be the cause of the forma¬ 
tion of unstable products, if the water contains certain organic 
acids or salts (i. e., oxalic acid) which may be the result of de¬ 
composition of vegetable and microscopic living organisms. 

This fact, verified in the laboratory as evidenced by the 
experience of a dynamite factory, in which certain difficulties in 
stabilization were not overcome until the water reservoirs and 
pipes were cleaned of plants and living organisms contained 
therein, is an interesting example. Such phenomena prove that 
the origin and quality of the water employed for the manufacture 
as well as for the re-stabilization of nitro-explosives that have 
been altered by time or climate, deserve especial attention, not 
only because of the fermentation germs possibly contained therein, 
but more especially on account of the organic salts resulting from 
the decomposition of vegetable and organic bodies. 

Straw Nitrocellulose. As far back as 18.59,' S. BamweU 
and A. Rollason, realized the possible advantages that might 
accrue from the employment of straw nitrocellulose as a con¬ 
stituent in propellent smokeless powders and in the preparation 
of waterproof fabrics for umbrellas, parasols, hats and hat covers, 
capes, caps and mantles. ITieir work was followed in 1879 by 
the experiments of E. Judson* and of J. Hilter’ in attempts to 
prepare stable products by the treatment of straw with a nitrat¬ 
ing mixture in the usual manner. J. Lanfrey’s powder, which 
was evolved in 1878,‘ comprized the treatment of straw with 

1. E. P. 945. 18.59. E. P. 2249, 1860. G. Mosandcr, Berz. Jahr. 
1847, 27, 416 nitrated cut straw. E. Cotte, E. P. 3119. 1878; abst. Wa^ 
Jahr. 1879, 25, 418 claimed nitrated straw made by his |>rocess obtained 
increased stability from the silica remaining therein. He called his product 
"Paleine." 

2. D. R. P. 6064; Chera. Tech. Rep. 1879, 18, I, 290; ^ag. Jahr. 
1879,25,423; Chem. Ztg. 1879, 3,96; Dingl. Poly. 1«79,234,263. For study 
of "straw dynamite,” see Bruneau, Mem. Poud. Salp. 1891, 4, 205. 

3. D. R, P. 3067; abst. Chem. Tech. Rep. 1879,18,1, 290; Chem. Ind, 

1879, 2, 60; Dingl. Pdy. 1879, 232, 188; Chem. CenU. 1879, M, 448; Ber, 
1879,12,208. . ‘ 

4. E. P. 3119, 1878; abst. Chem. Ztg. 1879, 3, 463; Industrieblitter, 
1879, 276; Wag. Jahr. 1879, 25, 318; 1883, 29, 388; Chem. Tech. Rep. 1879, 
18,1, 289; Dingl Poly- 1879, 234, 263; 1881, 248, 407; J. Unfrey and J. 
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nitrating acids to produce a nitrocellulose compound which jras 
afterwards impregnated with a solution cont^jning saltpeter and 
dextrin and to which the name Straw Dynamite or Paleine was 
given. Tlie silica naturally present in the straw was claimed to 
add .stability, but on what grounds it is difficult to perceive. 

C. Bjoficraann in 1875,' Dolliak in 1882i and C. Hengst in 
1888,’ placed upon the market as commercial possibilities, com¬ 
pounds in which nitrated straw was the principal constituent. 
In the explosive of Bjorkmann—to which the name Vigorite was 
given—pea meal was combined with sawdust and nitrated oat 
straw together with a compound called nitroline, made by the 
action of 80 parts of nitric acid, and 170 parts sulfuric acid on 15 
parts of raw stearic acid and 15 parts of syrup. It appears this 
product did not attain the commercial success claimed for it by 
the patentee. The nitrated oat straw of Springthorpe* and 
of the Societe Francaise des Explosifs® together with the brisant 
of the Societe Anonyme des Poudre et Dynamites,* so far as 
aware never assumed any distinct commercial importance. In 
1912 K. Nitzelnadel,’ as the result of his experiments on the 
Renard, D. R. P. 12116. 1880; abst. Wag. Tahr. 1881, 27, 381; Dingl. Poly. 
1883, 24S, 427, 509; Jahr. Chem. 1883, 36, 1703. Mitth. Gegenst. ArUll. 
Geniewesens, 1882, 276; Ber. 1881, 14, 126. F. P. 124789, 1878; Add. of 
Dec. 18, 1878; abst. Mon. .Sci. 1879, 21, 1049. Bclg. P. 498,6;!. Ital. P. Aug. 

17, 1878. Aust. P. 5,624. Port. P. June 11, 1879. Swed. P. Aug. 20, 1880. 

1. E. P. 2459, 1875; U, S. P. 177988, 1876; abst. Dcut. Industrie Ztg. 
1876, .68; Chem. Tech. Rep. 1875, 14, II, 216; Zts. Chem. Grossgewerbe, 
1876, 1, 233; Chem. Tech. Mith. 1877, 27, 340. 

2. Mitt. Art. Geniewesens, 1882, 278; Dingl. Poly. 1883, 248, 509; 
1885, 2S5, 518; J. S. C. I. 188.5, 4, 366; Chem. Tech. Rep. 1882, 21, II, 176; 
1885, 24, I, 201; Jahr. Chem. 1883, 36, 1704; Wag. Jahr. 1883, 25, 388; 
Mitthl. Artil. Geniewesens, 1882, 278; Berg, u. hiitten Ztg. 1882, 119; Dingl. 
Poly. 1885, 255, 523; Chem. tech, Centr. 1885, 3, 454. 

3. E. P. 1,3656, 1888; abst. J. S. O, I. 1889, 8, 478, 1890,.9,325; Chem. 
Tech. Rep. 1890, 29, I, 222; Chem. Ztg. 1889, 13, 408; Jahr. Chem. 1890, 43, 
2710; Zts. ang. Chem. 1890, 3, 247; Wag. Jahr, 1890, 36, 546. B. P. 16783, 
1887; abst. J. ,8. C. I. 1889, 8 , 818; D. R. P. 48265, 1888; abst. Gewerbebl. 
Schw. 14, 364; Iron, 33, 202; Neuste Erhnd. Erfahr. 16, 554; Mitth. Seew. 

^17, .364, 365; Chem. Tech. Rep. 1889, 28, I, 183; Chem. Ind. 1889, 12, 416; 
Chem. Ztg. 1889, 13, 1266; Jahr. Chem. 1889, 42, 2679, 2683; 189fi, 43, 2710; 
Wag, Jahr. 1889, 35, 473. F. P. 194803, 1888; abst. Mon, Sci. 1889, 34, 756. 

His product was called Hengstite. 

4. F. P. 207919,1890; abst. Mon. Sci. 1891, 37, 460. 

5. Their preferred compound comprized 50.81 parts nitrated straw, 
and 49.19 parts nitrotoluol, as an absorbent combination for nitroglycerol. 

6. See this work, Vol. VII. For the nature of the cellulose of cereal 

straw, see E. Hauser and A. Haug, Zts. ang. Chem. 1918, 31, 99; abst. C. A. 
1918 12 2439 * 

’ 7 . ’zts. &hiess. Sprang. 1912,7,257; Wag. Jahr. 1912,1,438; J. S. C. I, 
1912, 31, 954; C. A. 1913, 7, 257, 892, 1612. 
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utilization of nitrocellulose prepared from sulfite cellulose and 
straw fiber, came to the conclusion that ivhereas sulfite cellulose 
appeared to be quite suitable for nitrocellulose manufacture the 
converse was true with straw. Upon the esterification of straw 
it was found the nitrocellulose thus produced had a greater 
solubility in ether alcohol, a lower explosion temperature, and a 
small yield as compared with the cotton cellulose nitrated under 
the same conditions. He also made the observation which has 
repeatedly been corroborated, that morphological structure of the 
straw presented manufactiuing diflSculties and was almost impos¬ 
sible to overcome, so that at tlie present time, products of the 
nitration of straw do not enter into commercial explosives to an 
important extent. 

Nitrated Com Pith. In 1889 the Marsden Company of 
New Jersey' obtained patent protection for a material claimed 
as suitable for the manufacture of dynamite, wherein raw pith 
of maize or com .stalk was nitrated, but they found that the sap 
and other matters contained in the cells and adherent to the 
natural pith resulted in a violent reaction with an increase of 
temperature, partial destmction of the cellular structure, imper¬ 
fect nitration of the residue, and in endeavoring to use this nitrated 
product in the production of chemical compounds, this nitrated 
material contaminated the product to an undesirable extent. 
In some cases it was found the interior portions of the pith were 
not reached or affected by the acid and attempts to remove the 
deleterious material or the acids used in nitrating by means of 
washing and drying, proved ineffective in their hands. They, 
however, found it possible to eliminate these objectionable char¬ 
acteristics and uniformly nitrate the pith so as to produce a com¬ 
mercially valuable article therefrom by first separating the latter 
from the woody shell or outer fibrous portion of the stalk, then 
comminuting the pith until the particles are about the size of 
grains of rice; finally drying the latter by a •blast or cument of 
heated air, as a preliminary to immersing in the nitrate bath. 

I/. Nottelle and U. Leroux’ have described combinations of nitrated 
pith (their so-called “nitro-epidermose”) with nitrocellulose 
using as a typical nitrating bath one containing but two per cent. 

1. E.P.6658!1899;J.S. C.I. 1899,M,786. 

2. F. P. 347702, 1004; abst. Mon. Sd. 1906, (S, 143. 
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of nitric acid, one-half per cent, sulfuric acid and two per cent, 
of zinc chloride by weight; this nitration (?) (according to the 
claims of tfie patentee) imparting distinct commercial advantages 
to the prodflct so treated. The International Smokeless Powder 
and Dynamite Co.,' in order to obtain a powder with a higher 
content of nitrogen of greater ballistic power, and also increasing 
the percentage of soluble nitrocellulose thus securing a better 
colloid, combined nitrated Indian com or maize with other nitro¬ 
cellulose. In their preferred method, 100 pounds of the pure 
dried cellulose is treated with approximately 2,000 lbs. or more 
of mixed acids of the approximate strength of from 56 to 57 per 
cent, by weight of sulfuric acid, and from 20 to 29 per cent, of 
nitric acid so that the resulting mixture titrates approximately a 
minimum acidity of S5%. The period of nitration varies from 
18 to 33 minutes according to the strength of the acid and the 
temperature, the bath being meanwhile maintained during 
nitration at about 35° C., although the statement of the patentees 
is to the effect that a slight variation from the temperature does 
not injuriously affect the nitration of the material. After the 
cellulose has remained in the-mixture for the desired length of 
time it is claimed nitration progresses to a degree showing approxi¬ 
mately 13.10 per cent, of nitrogen, at which point the nitrated 
product has assumed a physical and chemical state which admits 
of colloiding at least 95 per cent, of it by means of the usual 
mixture of ether in alcohol. The patented process of T. Kelly® 
for the nitration of leaves or plants, especially of those of the 
Australian Eucalypti and the Aitstralian Melaleuca; and the 
method of C. Hengst’ for the nitration of Esparto fibep, have not 
so far as the author is aware been placed upon a manufacturing 
basis. 

In 1878, W. Eales' obtained patent protection for the manu- 

1. E. P. 23252, 1900; J. S. C. I. 1901, 20, 388. 

2. E. P. 8680, 1899; J. S. C. 1. 1899, M, 1155; Mon. Sci. 1901, $7, 148. 
For the nitration of green eucalyptus leaves, see T. Kelly, E. P. 8679, 1899; 
J. S. C. I. 1899, U, 858; Mon. Sci. 1901, S7, 148. 

3. E. P. 18002, 1808; J. S. C. I. 1899, 787; Mon. Sci. 1900, SO, 131. 

4. D. R. P. 1853, 1878; Dingl. Poly. 1878, 230, 188; Chem. Ind. 1878, 
1, 275; Wag. Jahr. 1878, 2i, 466. W. Hancock and O. Dahl (Chem. News, 
1895, 72, 16. J. C. S. 1895, 08, i, 493; J. S. C. I. 1895, 14, 897; Ber. 1895, 20, 
1558) have repotted that the pith like stem of Aesehynomene Aspera gave low 
yields of nitrate (110%). The nitrates also contained a low proportion of 
O.NOj groujw, yieldii^ on analysis 7-9% N. The nitrated product was 
found to be insoluble in the usu^ nitrocellulose solvents. 
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facture of a fuse of nitrated flax or hemp impregnated with salt¬ 
peter or salts of chloric, chromic or picric acids. 

Nitrojute. The explosive bodies formed by the nitration 
of such lignocelluloses as jute, have been investigated by C. Cross 
and E. Sevan,' by 0. Muhlhauser, and by H. Lifschiitz. The 
former chemists nitrated jute ■with a mixture of equal volumes of 
nitric acid (sp. gr. 1.43) and sulfuric acid (sp. gr. 1.8) at a tem¬ 
perature of 18° and found that the maximum of nitration occurred 
at the end of 15 minutes, the yield on one hundred parts of original 
jute fiber being 146 parts by weight. The maximum nitration 
was 1.54.4 parts. The reaction occius according to the equation; 

CiiHigOg -|“ 3HNO3 = Ci2Hi 606(N03)3 -f- 3H2O 
This is equivalent to a gain in weight of 44%, while the conversion 
into tetranitrate is 58%; the formation of the latter however, 
appears to be the limit of nitration of jute fiber, and if we represent 
the lignocellulose molecule by a C 12 formula, 4 alcoholic hydroxyl 
groups are indicated. The limit of nitrogen obtained was 11.5%. 

0. Muhlhauser* has investigated the value of jute as a raw 
material for guncotton manufacture. According to his process 
jute purified with caustic soda is preferably treated with 15 parts 
of nitric-sulfuric acid mixture consisting of one part nitric acid 
of 1.52 sp. gr. and 2 parts stdfuric acid 1.84 sp. gr. The product 
is obtained as a light brown powder, consisting in the main of 
pcntanitrocellulose, insoluble in water, ether, benzene or alcohol, 
partially (11.93%) soluble in ether-alcohol, and dissolving com¬ 
pletely in ethyl acetate and nitrobenzene. The explosive effect 
is stated to be similar to nitrocotton. The product is readily 
decomposed by dilute solutions of alkalis and alkali carbonates, 
but not Aifficiently so that the nitro groups are split off. With 
varying proportions of nitric and sulfuric acids the following 
results were obtained; 

1. J. C. S. 1889, 8S, 199; abst. Proc. U. S. Naval Inst. 1889, U, 311; 
Chem. News, 1889, 60, 13; Chem. Centr. 1880, 60, II, 283; Jahr. Chem. 1889, 
42, 612; Wag. Jahr. 1889, 35, 1130. 

2. Chem. Ztg. 1892, SI, 163; Dingl. Poly. 1892, 283, 88 , 137; Proc. 
Amer. Pharm. Assoc. 1892, 40, 1004. Zts. ang. Chem. 1892, 5, 196; Arms & 
Explo. 1892-^, 1, 16; Tech. Chem. Jahr. 1891, 34, 136; Apoth. Ztg. 1892, 
88 ; J. S. C. I. 1892, 11, 546, 937; Jahr. Chem, 1892, 45, 2734: Chem. Tech. 
Rep. 1892, 31, I, 224; Wag. Jahr. 18»2, 38, 373; Ber. 1892, », 153-R; BuU. 
Soc. Chim. 1892, 39, 444. Will states the hygroscopicity of nitrojute (10.28% 
N) M 4.44% as against 10.8% for the original jute; and nitrated hemp as 
J.78% (for 12.8%^) and 1.91% (12.52% N), 
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Experiment IINOi H»SO( 

I 1 : - 

II 1:2 

III 1:3 

• c 


Yield Ignition Point N 
129.5% 170° C. 11.96% 

132.2% 167” C. 12.15% 

135.8% 169” C. 11.91% 


C. Cross and E. Bevan’ in reinvestigating this subject, have 
contributed additional data. * 

H. Lifechiitz has studied the action of nitric and sulfuric 
acid on vegetable fibers such as jute, hemp, wood shavings and 
straw and has found that certain mixtures of diluted nitric and 
sulfuric acids containing 32% sulfuric and 18% to 20% of nitric 
acid, in the cold or at temperatures of 45 to 50 degrees readily 
oxidize the impurities of cellulose, or convert them into a soluble 
form without nitration, but with the development of gas.* 

Nitrojute has been used in the composition of several smoke¬ 
less powders especially the Cooppal Smokeless Powder, although 
the general consensus of opinion is that there is no obvious ad¬ 
vantage in the use of lignified textile fibers as raw material for 
explosive nitrates. Theoretically the trinitrate of jute corre¬ 
sponds to 9.5% nitrogen and the tetranitrate to 11.5%. When 
used in smokeless powder nitrojute gives a bulky product, easy 
firing with quick combustioji and even penetration. There is a 
decided tendency however toward decomposition, and consider¬ 
able washing is required in order to obtain a stable nitrated 
product. For this reason nitrojute, as yet, has not become an 
important factor in smokeless powder manufacture. 

Nitrolignin. In the early days of cellulose ester history, 
the nitration of wood received attention, as evidenced by the 
researches of T. Svanberg,* C. Mosander,^ and B. Wrede,* pub¬ 
lished in 1846. It was E. Schultze however who by his smoke¬ 
less powder patented in 1864,* in which nitrated wood fiber 


1. J. S. C. I. 1892, U, 214; abst. J. C. S. 1893, 64, i, 295; Jahr. Chem. 
1893 46 2735 

2. ’h. LifseWitz, Ber. 1891, 24, 1188; abst. Jahr. Chenfl 1891, 2811; 

J. C. S. 1891, 60, 814; Chem. Centr. 1891, 62, 1, 1055. 

3. Oefvers. al K. Vet. Acad. FOrhandl. 3, 322; abst. Berz. Jahr. 1848, 
27,416.. 

4. Oefvers. af H. Vet. Acad. Ffirhandl. 3, 290; abst. Berz. Jahr. 1848, 
27, 416. 

5. Oefvers. af K. Vet. Acad. Pdrhandl. 3, 291; abst. Berz. Jahr. 1848, 
27, 416. 

6 . E. P. 900, 1864. Deut. Irfd. Ztg. 1865, 96; Schweiz. Pedy. Zts. 
1886, 62; Dingl. Poly. 1865, 178, 453; Berg. u. Hflttenm. Ztg. 1866, 271; 
Poly. Centr. 1865, ^ 665; Pdy. Notiz. 1866, 20, 126; Chem. Centr. 1886, 
SO, 703; Wag. Jahr. 1864, 10, 251; 1865, 11, 313; Jahr. CJiem. 1866, U, 784; 
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impregnated with oxygen-carrying salts and carrying potassium 
nitrate, and modified in 1868* by the addition of nitroglycerol, 
may be said to have laid the foundation for the modem bulk 
sporting powders. "Schultze Gunpowder," and “Schultze White 
Cannon Powder” was for many years made in large quantities 
in England and on the Continent. Acapnia and Cooppal Powder 
were similar. 

The work of Schultze was followed by that of J. Muschamp,’ 
F. Abel and E. Brown,* G. Clark,* Triitschlcr-Falkenstein,* H. 

Wieck’s Ill. Dcut. Gewerbeztg. 1865, No. 2; EisnerChein. Tech. Mitt. 1804-5, 

177. “Das neue Chemiche Schicsspulvcr, Berlin, J805, 35; abst. Wag. 
Jabr. 1864, 10, 245; Ding!. Poly. 1804. 174, 323; 1865, 176, 165; Berg. u. 
Huttenm. Ztg. 1864, 348; Mon. Sci. 1805. 7, 1051); Chem. News, 1865. 12, 
182. Oest. Milit. Ztg. 1806, 2, 291; abst. Berg. u. Huttenm. Ztg. 1804, 
230. Allgcin. Milit. Ztg No. 12; abst. Rev. d’Artil. 1885. 26, 188; 1886, 
29, 530; 1887. 30, 308. D. R. P. 3&303. 1880; abst Dingl. Polv. 1887, 265, 
274. U. 8. P. 359280, 1887; abst. J. A. C. vS. 1887, 9, 78. Strobiberger, 
Dingl. Polv 1869, 192,73; Poly. Centr. 1869, 35, 517;Gcwerbcbl Wiirtcmbcrg, 
1860. 251; Deut. Ind. Ztg. 1869. 78; Wicck’s Ill. Dcut Gewerbc/tg. 1869, 94. 
Lcs Mondes, 1865,9,451. Baendisch powder is a variety of Schultze powder. 
Collodin, or Boltmann’s collodin, also called Nitroxylin (Brokhaus Konversa* 
tions Hcxicon, 1901, 4, 370) is an explosive similar to Schultze powder. The 
properties claimed for the Schultze powder are, that it gives less pressure on 
the powder chamber than ordinary powder; that it is smokeless, its explosion 
gases being very light; that, weight for weight, it has more than twice the 
propelling power of black powder, and that it leaves less residue in the gun 
barrel. 

1. K. P. 2542, 1868. Schultze made his pow<lcr from well purified 
and partly nitrated wood. For this purpose he sawed the wood into sheets 
al>out inch thick, which were passed through a machine that punched out 
discs or grains of uniform size. The grains were then deprived of their resin¬ 
ous matter by being boiled in so<lium carbonate solution, washed, steamed, 
and then bleached with calcium hypochlorite solution, finally washing and 
drying. The lignocellulose thus obtained was nitrated in a mixture of nitric 
and sulfuric acids similar to that used for nitrocotton formation. The ni¬ 
trated material was then steeped in a solution of potassium and barium ni¬ 
trates, and when dry the powder Was finished 

2. a P. 1326, 1871; abst. Ber. 1872, 4, 122; Poly. Centr. 1872, 38, 
396; Chem. Tech. Mitth. 1871-72, 60; Dent. Ind. Ztg. 1872, 128; Wag. 
Jabr. 1872, 18, 297. F. P. 94461, 1872; abst. Bull. Soc. Chim. 1873, 21, 
334; Mon. Sci. 1873. 15, 835; Bcr. 1873, 6, 1138; Wag. Jabr. 1873, 19, 331. 
U. S. P. 128450, 1872. See also J. Muschamp, E. P. 3293, 1866. He first* 
disintegrated the wood by means of a clipping machine, which was then boiled 
with caustic soda for 6 hours at a pressure of from 100 to 200 tbs. per sq. in., 
and after washing free from alkali, was dried at a low heat. The wood was 
nitrated in a bath of 1 part HNOi of sp. gr. 1.60, and 2 parts (by tfol.) H,SO, 
sp. gr, 1.80-1.84.’ After immersion 24-30 hours in the cooled nitratii^ bath, 
the acid was removed by washing and poaching, aided by the addition of 
small amounts of sodium carbonate. 

3. E. P. 3116. 1868; sbst. Deut. ludustricztg. 1868, 485; Chem. Tech. 
Rep. 1868, 7, II, 149. 

4. E. P. 1210, 1868. A. Jaksch (Chem. Ztg. 1890, 14, 303; abst. 
Jahr. Chem. 1890,^2709) has reported on the examination of an English smoke- 
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Mayhofer,* J. Anders,“ H. Gruson and A. Hellhoff,’ W. Wolff ' 
and M. v. Forster,* C. Dixon,* Lafaye,* and Zellstoff-fabrik 
Waldhof,’ the Meganite of Schiickher & Co.,* all of which con¬ 
tained the nitrated lignocelluloscs as the essential base. The 
Lithotrite of Antheunis,® the Woodnite of*Chabert,“ and the 
Silotwor o( W. V. Ruckterschell," as well as the explosive com¬ 
binations known as Oriasite, Krumtnel Dynamite, Miner’s Friend 
Powder, Patent Gunpowder, Petralite,'® Rifleite,'* Xylobrome, 
Smokeless Blasting Powder, Bautzen Powder, and the Vigorite 
of the Hamilton Powder Co., all belong to this category, and 
represent more or less successful attempts at the commercial 

less sporting powder composed ot lignonitrocellulose and containing 4% 
barium nitrate, of which he obtained a similar product l)y stirring thoroughly 
purified lignin into a cooled mi.rture of 1 part fuming nitric acid and 2 parts 
concentrated sulfuric acid until a thick paste results. After 6 hours action 
the mass is thoroughly washed with water, then boiled for 15 min. in a strong 
barium nitrate solution, pressed and dried. 

5. Dcut. Indztg. 1875, 375; abst. Wag. Jahr. 1875, 21, .532; Poly. 
Centr. 1875, 41, 1362; Chem. Tech. Hep. 1875, 14, I, 217. "Smokeless 
blasting powder” gave on analysis, nitroliguin 23.84%, aromatic nitrocom¬ 
pounds {dinitrobenzene, dinitrotoluenc, nitrobenzene, nitronaphthalene) 
50.3%, barium and potassium nitrates, 25.48%, moisture 0.38%. The 
Lignite ot Ballabenc (J. ,S. C I. 1885, 4, .366) is claimed to consist of nitro- 
lignin 20%-15%, nitroglycerol 80^-85%. 

1. E. P. 1.563, 1878; abst. Wag. Jahr. 1878, 24, 466; Chem. Ind. 1878, 

1, 214, 

2. K. P. 800, 801, 1881; abst. J. A. C. .8. 1882, 4, 48; Wag. Jahr. 1881, 
27, .331; Chem. Ind. 1881, 4, 140, 384; Ber. 1881, 14, 2318; Jahr. rein Chem. 
1881, 9, 136; Chem. Tech. Uep. 1881, 20, II, 136; J, A. C. S. 1882, 4, 48. 

3. K. P. 2830,1882; abst. J. S. C. I. 1882, 1, 247, 282; 1883, 2, 296. 

4. E. P. 3866, 1883; 13522, 18S4; abst. J. S. C. I. 1885, 4, 243. Sse 
also Mon. Sci. 1911, 74, 156. 

5. E. P. 2991, 1885; abst. J. S. C. I. 1885, 4, 247. Lannoy’s White 
powder, made in Belgium, resembles Schultze’s powder, and consists of ni¬ 
trated wood or bran with sulfur and NaNOj. It is said to be a variety of 
Lithofracteur. The claim for this powder is that it renders rock without 
great shattering, and hence with but few flying fragments. It’ is difficult 
of ignition, and hence bums slowly. It is costly, "and leaves on explosion 
a strong and stinking smoke." 

. 6. F. P. 192369, 1888; abst. Mon. Sci. 1889, 33, 633, 

For the composition of American Wood Powder, grad@ "C,” "E," 
"Ten bore trap,” "Twelve bore trap,” see Arms and Explos. 1893, 2, 30. 

7. E. P. 336, 1891; abst. J. S. C. I. 1892, U, 180; Mon. Sci. 1892, 
40, 166. , 

8. Wag. Jahr. 18S8, 34, 497; Dingl. Poly. 1888, 268, 519. 

9. E. P. 783, 1887; F. P. 166874, 1885; abst. J. S. C. I. 1887, 6 , 160; 
Mon. Sci. 1885, 27, 829. 

10. F. P. 191906, 1888; abst. Mon. Sci. 1889, 33, 507. 

11. E. P. 4349, 1888; F. P. 1885OT, 1888; abst, J. S. C. I. 1886; S, 253, 
469; Mon. Sci. 1888, 32, 1258. 

12. Colliery Guardian, June 22, 1889. 

13. Arras and Explos. 1900, 8 , 19, 21. 50, 69, 82. , 
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exploitation of “fulminating wood” as a satisfactory smokeless 
powder. Tlie Yellow Powder of Darapsky, was supposed to be 
modeled after the originjil Schultze propellants. 

Although various improvements were made in uniformity 
and increase of stability of nitrated lignose by I'.* Engel,' C. 
Hengst,* H. Pipitz,^ A. de vStulxuirauch,' K. Edmunds,® R. 
flriflith,® O. Schmidt,’ Springthorpe* and C. C'lemm, J, Haas 
and W. Ia;nz,“ it is not until comparatively recently that the 
nitrated lignocelluloses have been prepared in mamifaclurlng 
quantities answering the stability rciiuircments of mmlern ballis¬ 
tics. It seems to be very difficult, if not- almost iniixissible to 
obtain satisfactoiy and stable nitrocellulose from wood pulp. 

In I.SS7 F. Nettleford investigated the different pyroxylins 
obtained by the nitration of wockI fiber and cotton by the same 
acid mixture, and found that whereas the former yielded a product 
with 11.2',', N and ‘ll.lf'e soluble matter, the latter gave the 
higher degree of nitration and only S' J of soluble matter. His 
experiments, however, indicated that the nitrated lignose is 
separable by solvents into different fractions with varying pro¬ 
portions of nitrogen."' 

In a recently patented process" is described the manufacture 

1, E. E C022, 18S7: al)st. J. S. C, I 18«!t, 8 , 818 Wag. Jahr. 1880, 
26, 878; Dingl. Poly. 1880, 261, 27. 

2. K. P. I.3tM0, 1888; abst. J S. C. I. IW, 8 , 478. 

.'i E P. ISfl.'l.S, 18(18; abst. Chem Ztg 1000,24,41. 11 R. P 114401), 
114.700, 1808; abst. J. S. C. I. 1800, 18, 040; Chciii Centr 10(X), 71, 11, 1004; 
Zls. ang Chem. KMX), 1$, 1140, 1141; Jahr. them. 1000, 53, 840; them. 
Ztg 1000, 24, O.'tt, 954; Mon Sci 1001, 57, 147. 148; Wag. Jahr. 1000, 46, 
I. 305, 306. He (Pipitz, or J. Okcll) nitrates alder wood shavings, which 
arc colloided with acetone and alcohol, and then re-nitrated. 

4. E. P. 2204, 1898; abst. J. S, C. I. 1800, 18, 400; Arms and Explos. 
1800, 7, 29. 

6 . E. P. 23416, 1893; abst. J. S. C. I. 1894, U, 1090; Mon. Sci. 1895, 
46, 72. 

6 . E P. 3294, 1877; 11808, 1884; abst. Wag. Jahr. 1886, 32, 317; 
Chem. Ind. 1878, 1, 147, 235; J. S. C. I. 1884, 3, 497; 1885. 4, 488, 753. 

7. E. P. 116, 1904; abst. Arms and Explos. 1904, 12, 55; J. S. C. I. 
1904, 23, 385; Chem. Ztg. 1905, 25, 514. 

8 . F. P. 207919, 1890; abst. Mon. Sci. 1891, 37, 400. 

9. Can. P.38004, 1891. • 

10. Chem. News, 1887, 55, 241, 306; abst. J. C' S. 1887, 52, 792; Jahr. 

Chem. 1887, 40, 2599; Chem. Tech. Rep. 1887, 26, 227, 311; Proc. U. S. 
Naval Inst. 1888, 14, 161, 162; Wag. Jahr. 1887, 33, 569. See also E. Baly 
and J. Chorley, Chem. News, 1895, 226. C. Cross and E. Bevan, Bcr. 

1891, 24, 1772; J. C. S. 1904, 56, 61. 

11. W. Thomson, W. &vcni and G. Twycross, U. S. P. 1302455; abst. 
C. A. 1919,13, 1929. E. P. 1.30665, 1919; abst. J. S. C. I. 1919, 38, 480-A, 
742-A. 
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of nitrated compounds from the wood of the baobab tree, the 
fibers of which, microscopically are said to greatly resemble those 
of cotton. The wood from the center of the tree is considered 
preferable, although the entire wood can be used. The wood is 
first mechanically disintegrated by roughb^ tearing apart the 
fibers longitudinally, and to a lesser extent transversely, imtil 
the fibers are reduced to shreds of about 1-2 mm. thickness. 
After boiling in dilute caustic soda, followed by treatment with 
HCl, the fiber becomes separated into substantially individual 
strands, which are washed free from acid and dried. The latter 
are then nitrated in the usual manner, forming an ester readily 
soluble in acetone. 

In a study of the relations between the viscosity of cellulose 
nitrate solutions and the nitration process, with special reference 
to wood cellulose, G. heysiefler' employed as material a chemically 
pure wood cellulose prepared from deal. It contained a-cellulose 
80.4, jS-cellulose G..^, 7-061101086 12.8%. The ash amounted to 
0.20% and the fat to 0.44%. The nitration with a mixed acid 
of known composition was performed much in the usual manner; 
both cold and hot washing were employed. The drying was 
effected at .3G°-40° for twenty-two hours. The nitrogen content 
of the product was estimated by the Schulzc-Tiemann method, 
and the nitrates were further characterized by solubility deter¬ 
minations in alcohol or ether-alcohol (2:1). The viscosity of the 
acetone solutions of the nitrates was determined by the Ost 
viscosimeter. 

As the result of a large number of experiments, tables and 
graphs of which are given in fhe original article,- the following 
conclusions are drawn: (1) By the nitration of cellulose, the same 
value for tlie viscosity is always obtained provided all the factors 
which influence the internal friction (composition of the nitrating 
acid, temperature of the bath, duration of the nitration, propor- 

1, Koll. Chem. Bcihcfte, 1918, U, 145; abst. J. C. S. 1919, US, i, 
149; C. .A. 1919, U, 1529. The Zellstoffabrifc Waldhof (Ital. P. 28964, 
1891) claim that cellulose from wood by the sulfite process does not give 
uniform nitrocellulose. Their process consists in comminuting the wood to 
a very fine powder, pressing into flakes, and nitrating at 71 °. This method, 
it is claimed, results in the formation of a hexanitro<^ulose, free from lower 
nitrates. The smokeless powder of O. Aschan (Swed. P. 11964, 1899; abst. 
Mon. Sci. 1901, 57, 287; Chem. Ztg. 1901, 25, 238; Chem. Tech. Rep. 1901, 
40, 238) consists of nitrated wood, with the addition of bichromates, and per¬ 
manganates. 
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tion by vfcigbt of cellulose to acid, method of preparation and 
properties of the cellulose employed) are kept constant. (2) Tlie 
greater the nitric acid content of a nitrating acid, the higher is 
the viscosity of the nitrated cellulose in acetone solution. If, 
however, the percentage content of nitric acid equsfls or exceeds 
that of the sulfuric acid, smaller values are found for tlie internal 
friction. This diminution is more marked in the case of dilute 
nitrating acids than of concentrated nitrating acids. Increasing 
the water content from 0% to about 11% causes an inaease of 
the viscosity, only, however, if the water content exceeds the 
above limit, .smaller values are obtained for the viscosity. (3) 
Nitration at temperatures below 0° produces esters having high 
viscosity values. The higher the temperature of nitration, the 
smaller is the viscosity. (4) The viscosity values vary considerably 
in the case of nitrates which have been nitrated for only a short time 
(five to thirty minutes). They increase so long as the nitrogen 
content increases, but prolonged action of tlie nitrating acid 
results in a diminution of the viscosity. (5) A close connec¬ 
tion is found between the nitrogen content of a cellulose nitrate 
and the internal friction of its acetone solution; the higher the 
nitrogen content, the higher is the viscosity. (0) Acetone solu¬ 
tions of cellulose nitrates become more mobile with keeping, 
strongly viscous solutions more so than less viscous solutions. 
(7) The kind, method of preparation, and previous treatment 
of a cellulose are of great influence on the viscosity. A high 
content of 7 -cellulose causes increased viscosity in the nitrate. 
Nitrates from cotton cellulose show higher viscosities than those 
from wood cellulose, 

C. Schwalbe* in giving the German viewpoint on the subject 
of nitrolignin as a competitor of nitrocellulose, says that whereas 
up to the present nitrocellulose used in different industries in 
Germany has almost entirely been prepared from cotton, although 
wood cellulose in sufficient amount and in a suitable physical 
condition has been available at a lower price, nevertheless the 
more expensive cotton is given the preference because piue 
nitrocellulose is more easily obtained from purified cotton cellulose, 
and also because the existing ^purities in wood cellulose in all 

1. Zts. ang.-Chem. 1914,27,1, 662; abst. C. A. 1916, >, 716; T. S. C, I, 
1918,84,162. , 
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probability exert an influence on the stability and on the process 
of stabilization. 

Recently R. Woo^bridge' has detailed experiments under¬ 
taken on a large scale in the United States in attempts to utilize 
nitrated wo<M for military purposes, and has«hown that the most 
important reason why wood cellulose was not used in place of 
cotton for smokeless powder manufacture was the question of 
chemical stability of the powder during storage. Inasmuch 
as comparatively little is known regarding the chemical stability 
of smokeless powder under practical conditions of long storage, 
Government officials have naturally been reticent about author¬ 
izing supplanting cotton by other forms of cellulose. 

Although the du Pont Company had investigated the possi¬ 
bility of the use of nitrated wood powder as the official propellant 
for the United States government in 1900, due to lack of support 
from the army and navy heads, the question was temporarily 
abandoned, however in 1015, when it was announced that 
Germany was succes.sfully using large amounts of nitrolignin in 
the place of nitrocotton, extensive large scale experiments were 
conducted, and as a result, the following generalizations were 
arrived at; 

1. Wood pulp is best nitrated in crepe paper form, although 

there is a tendency of the paper to gelatinize during nitration, 
owing to which and to the shortness of the fiber, considerable 
difficulty is experienced in separating the nitrated cellulose from 
the nitrating mixture. ‘■- 

2. The yield of nitrocellulose was very low, only 1,2 lbs. 
per lb. of cellulose, as compared with 1.5 lb. when nitrating cotton. 

3. Consumption of acid was high, due to difficulty in'wringing 
the acid from the nitrated product. 

4. Considerable difficulty was experienced in the dehydra¬ 
tion of the nitrocellulose. Due to the very finely divided condi¬ 
tion of the material, it required almost 50% longer to pump the 
alcohol tlirough, and to remove the excess alcohol. 

5. The viscosity of the wood nitrocellulose was much lower 
than that prepared from cotton, the amount of solvent required 
for colloiding being about 8% les4 than when using nitrocotton. 

6. Admixture of about 60% linters to wood pulp eliminated 
1. J.Ind.Eng.Cheni.1920,12,380. Reproduced, Pacier, 1920, 28, 136. 



NlTROCELI/UUOSB THEORY 


1815 


almost entirply the difficulties in manufacture previously men¬ 
tioned. This mixture gave no difficulties in nitration, the acid 
recovery was normal, and the yield alyut 150*^’;. by weight, as 
compared with about 152V( for cotton. This indicated a yield 
of about 1.48 lb. nitrocellulose ]x;r pound of sulfite wood cellulose. 
Tlic pulping of the nitrocellulose was found to require slightly 
shorter time due to the shorter wood fiber, while the stability was 
satisfactory. 

When made into inch field powder, it was found that the 
nitrocellulose dehydrated more slowly, required slightly less 
solvent due to the fact that the viscosity of the nitrocellulose 
from the wood pulp was lower than the viscosity of the nitrocotton. 
The general conclusion reached was that the manufacture of nitro¬ 
cellulose from linters and wood pulp involved no serious difficul¬ 
ties, and gave a product of satisfactory stability and acceptable 
ballistics. 

In the C. Claessen process,' dried wood fiber cardboard 
is either rolled or compressed and the rolls or solid masses thus 
prepared are distintegrated on a wood working machine. A 
uniform porous cellulosic material is thus obtained, suitable for 
nitration in pots or centrifugally. 

C. Claessen* also mixes wood cellulo.je and cotton together 
with water to a thick pulp, which is dried and further mixed. 
The bleaching may precede or follow' the wet mixing. In this 
way equal parts of the material can be mixed and nitrated to¬ 
gether so as to yield a collodion dissolving to a clear liquid and 
equal in stability to that obtained from nitrocotton. 

Nitrated Paper, Pyropaper, Fulminating paper, Dynamogene, 
has beeif used in the arts from the earliest days of nitrocellulose de¬ 
velopment. In 1850 J. Joyce* employed nitrated paper in percussion 
caps to cover the usual explosive mixture. Three years later ap* 
peared the process of A. Church' for the impregnation of nitrated 
paper with the salts of metals which give off a decided spectrum, for 
use in fireworks. The processes of Darapsky,* G. ^delland,' 

1. D. R. P. 300069, 1915; abst. Chem, Zentr. 1920, M, II 350. 

2. D. R. P, 300844, 1915; abst. J. S. C. I. 1920, 39, 315-A. 

3. Le Technologist, 1856, 603»ab5t. Poly. Centr. 1856, 22, 1469. 

4. Chem. News, 1859, 1, 36; abst. Poly. Centr. 18W, 26, 924; Zts. 
Chem. 1860, 3, No. 4. 

6 . Dingl. Poly. 1865, 175, 451; 1866, lH, 1.50; abst. Jahr. Chem. 
1865, M, 784; Mechanics Mag. 1866, 227; Poly. NoUibl, 1886, 21, 223; 
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and E. Liesegang' are along similar lines. It was early recognized 
that nitrated paper gave a readily flowable and colorless collodion 
especially* suitable for photographic purposes, and the methods 
of T. Bienert,* and B. Schratzenthaller® are based on this observa¬ 
tion. * 

C. Ditmar* and S. Emmens nitrated paper and steeped the 
product in picric acid and other solutions in the formation of 
explosive combinations.* The smokeless powder of the Explosiv- 
stoff-Werke Spiralit Ges.,' and the “lightning paper” of A. Brock’' 
used in toy fireworks balloons all employed nitropaper. 

The major portion of the celluloids and other pyroxylin 
plastics made throughout the world at the present time use 
exclusively nitropaper as the inflammable cellulose ester. Grass 
bleached tissue paper in small strips, after drying to a predeter¬ 
mined moisture content is nitrated mechanically as described in 
detail in the succeeding chapter. There is no question but what 
the finest pyroxylin lacquers are to be obtained from the nitration 
of properly prepared tissue paper rather than from cotton, and 
the same is true of celluloid intended for transparent sheets and 
for the formation of artificial ivory. In ready solubility, ease of 
nitration, nearness in approach to colorless when dissolved, and 
ready solution in solvent combinations, tissue paper is preferable 
to cotton. 

Nitrated Starch (Nitroamylin, Nitrostarch). Since 1833, 
when H. Bracoimot produced “Xyloidine” by the action of 
nitric acid upon starch in the presence of sulfuric acid, numerous 
, attempts have been made to prepare nitrated starch in a pure and 

Poly. Centr. 1866, 32, 1146; Gewerbcbl. Kurhessen, 1866, 866; Wag. Jahr. 
1866, 12, 296. 

8 . Meehan. Mag. April. 1868; abst. Dingl. Poly. 1866, 181, 160; Jahr. 
Chem. 1866, 19, 859. Dent. Ind. Ztg. 1866, 175; Chem. Tech. Rep. 1886, 
'5, 1, 101; Cosmos, 1866; 101; Chem. Tech. Mitth. 1866-7, 249; Poly. Notizbl. 
1866, 21 , 222 . ' 

}. Poly. Notii. 1866, 21, No. 18; Photo. Archiv. 1866, 281; Poly. 
Centr. 1866, 32, 1564; Dingl. Poly. 1866, 182, 151; Eisner. Mitth. 1866-67, 
31; Col. COur. Feb. 26, 1870. 

. 2. Pharm. Zts. Russ. 1880, 708; 22, 4; abst. Chem. Ind. 1881, 4, 129; 

Jahr. Chem. 1883, 36, 1779. 

3. E. P. 3978, 1898; abst. Arms and Explos. 1898, 6 , 139; J. S. C. I. 

1898, 17, 489. , 

4. U. S. P. 145403, 1873; abst Amer. Chemist, 1874, 4, 319. 

6 . E. p. 3852, 1890; abst. J. S. C. 1. 1891, U, 484. 

6 . E. P. 8250.1898. 

7. E. P. ?2988, 1900. 
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stable state, primarUy for explosive purposes but also for the 
replacement of the nitrocelluloses in the peaceful arts. Until 
comparatively recently, however, it has been found impossible 
to nitrate starch on a manufacturing scale as a direct competitor 
of nitrated cellulose, due apparently to the extensive washing 
required to eliminate traces of acid, and also to the deficient 
stability which the finished product invariably has shown. Ir¬ 
respective of the cheapness and abundance of the raw material, 
starch has, up to the present time, been unable to effectually 
displace cotton for nitrating purposes to any great extent. The 
physical difficulties, due to the morphological structure of the 
starch wherein upon nitration the exterior is nitrated whereas 
the interior of the starch granule is but incompletely or imper¬ 
fectly esterified, and the difficulty of subsequent purification, 
have in general proven insurmountable barriers to the extensive 
replacement of nitrostarch in the warlike and peaceful arts. 

'fhe investigations of H. Braconnot' and subsequent workers 
J. Pelouze,® J. Liebig,® C. Buijs-Ballot,® C, Gerhard, A. Bechamp,* 
J. deVry,' and E. Reichardt® were more in the nature of academic 
investigations and had little to do with the question of preparing 
nitrated starch of acceptable stability, as this term is imderstood 

1. Ann. Chim. Phys. !8.a.1, 52, 290; abst. Berz. Jahr, 18.35, 14, 325; 
1840, 19, 437; Pogg, Ann. 1813, 29, 176; Ann. 1813, 7, 245; .Schw. J. <9, 
368. C. Blondeau (Ann. Chim. Phys. 1863, (3), 68 , 462; abst. Jahr. Chem. 
1863, 16, 567) divided the nitrated carbohydrates into Kulminose (nitro¬ 
cellulose) and Fulminam (nitrated starch). 

2. Ann. 1839, 29, 38; Compt. rend. 1838, 7, 713; 23, 893. J. prakt. 
Chem. 1839, 16, 168. 

3. Ann. 1833, 5, 285; abst. J. Pharm. Chim. 1833, 19, 612. 

4. Scheik. Onderzoek, Utrecht. 1812, No. 3; abst. J. prakt. Chem. 
1844, 11, 309; Ann. 1843, 45, 47; Berz. Jahr. 1844, 23, 385. 

5. • Compt. rend, 1853, 37, 134; abst. Instit. 18M, 261; J. prakt. Chem. 
1853, 60, 187; Chem. Centr. 1853, 24, 703; Jahr. Chem. 1853, 7, 550. Ann. 
Chim. Phys. 1862, 64, 311,322; abst. Chem. Centr. 1862, 33, ^5; Wag. Jahr. 
1862, 8, 280; Jahr. Chem. 1862, 15, 469; Rep, Chim. Pure, 1862, 4, 358, , 

6 . Compt. rend. 1841, 12, 120; Watts. Diet. Chem. 1877, 5, 410. 
Compt. rend. 1847, 24, 19; abst Jahr. Chem. 1847-48, 1, 1139. J. prakt. 
Chem. 1847, 40, 420. 

7. Ber. 1875,8,1020; abst Jahr. Chem. 1876,28,787. S«C. Reichen, 
E. P. 2286, 1866. E. I. du Pont de Nemours Co. (E. P. 22623, 1912; abst. 
J. S. C. I. 1913, 32, 1105) make pyroxylin plastics by combining nitrostarch 
and acetaldd. This latter, which is a liquid, polymerizes into a solid at 
ordinary temperatures and the polymerized product is reconverted into 
liquid acetaldol on heating. Thc®blasting explosive of G. Peters (U. S. P. 
10^78, 1912; abst. J. S. C. I. 1913, 7, 703; Mon. Sci. 1913, 79, 148) com¬ 
prises ammonium nitrate 75%, nitrated potato starch 20%, and 6 parts of 
an 80% solutiop of nitrobenzene in asphalt. 
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in modern ballistics, especially from a practical ppint of view. 

“The White Powder” or “White Gunpowder” developed 
in 1861 bjfthe Austrian ^gineer F. von Uchatius,' was prepared 
by dissolving one part by weight of potato starch in eight parts 
of fuming nitric acid, care being taken to «keep the nitrating 
mixture cool. The thick fluid obtained was poured in a thin 
stream into 16 parts of concentrated sulfuric acid with constant 
agitation, the resulting jelly allowed to remain at rest for 12 
hours and then repeatedly washed, alternately with pure water 
and with a dilute soda solution. 'Phe white powder finally ob¬ 
tained was then dried by heat not exceeding 50° to 60° C. but was 
so strongly hygroscopic and powerful in its detonating properties 
as to render its effect for use in fire arras dubious, according to 
the report of the Austrian Commission appointed to investigate 
this produet. 

The next year’ appeared the patented processes of T. and S. 
Davey in whicli starch was treated with nitric or nitric and sul¬ 
furic acids, preferably in the proportion of one of nitric acid to 
three of sulfuric acid, the mixture being boiled with as much 
starch as will pass into solution, excess of water and acids being 
separated by dialysis. The* neutralized product obtained was 
then mixed with gunpowder materials in the proportion of 4 to 
() per cent, of nitrated starch. 

C. Dittraar,’ in experiments which resulted in his placing 

1. Dingl. Poly, 18.54, 132, 371; Ber. Wien. Akad. Wissensch. M, 748. 
Dingl. Poly. 181)1, 161, 148; abst. Poly. Centr. 1801, 27, 1367; Poly. Notizbl. 
1881, 16, 309; Wag. Jahr. 1801, 7, 234, For further experiments upon the 
product of Uchatius see .Sauerwein, Dingl Poly. 1802, 164, 123; abst. Proc. 
Amer. Pharm. Assoc. 1802, 11, 144; Dingl. Poly. 1862, 166, 123; abst. Jahr. 
Chem. 1862, 15, 66.5; Poly. Centr. 1862, 28, 459; Wag. Jahr. 1861, 7, 234; 
1862, 8, 280; Chem. Centr. 1802, 33, 865; Bayer Kunst. u. Gcwerbebl. 1862, 
189; Chem. Tech, Mitth. 1861-2, 117. 

2. E. P. 2072, 1802 ; 2832, 1877; abst. Chem. Centr. 1878, 49, 640; 
Ber. 1878, 11, 1390; Wag. Jahr. 1878, 23, 407; Dingl. Poly. 1877, 230, 188; 
Chem. Ind. 1878, 1, 108; F. P. 126339, 1879; abst. Mon. Sci. 1879, 21, 1037. 
See also Chem. News, 1900, 93, 106. In the H. Maxim process (E. P. 18682, 
1894; abst. J. S. C. I. 1894, 13, 1219), is described a fulminating composition 
suitable foik detonating high explosives made from nitroglycerol thickened 
with pyroxylin or nitrostarch, with the addition of mercuric fulminate, 
nitrobenzene being added as a deterrant. The G. I,ezinsky process (E. P. 
22555, 1908; abst. J. S. C. I. 1909, 28, 817) comprizes an explosive of ni¬ 
trated resin and wheat starch with potassium chlorate. 

3. Amer. Artiz. 1870, 6, 90; Dingl. Poly. 1870, 196, 89; Chem. Centr. 
1870, 41, 366; Poly. Centr. 1870, 36, 930; Deut. Ind. Ztg. 1870, 115, 372; 
1869, 346; Zts. Oest. tng. Vereins, 1870, 254; Wag. Jahr. 1870, 16, 218; 1871, 
17, 217; Chem. Tech. Mitth. 1869-70, 38; Breslauer Gewcrbebl. 1869, 73; 
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Upon the market the explosive “Dualin," employed nitrostarch 
and nitromannite in combination with nitrocellulose and nitro- 
glycerol in different proportions according to the strength of the 
finished explosive desired. 

T, Hess and J. Schwab,* in endeavoring to determine the 
cause of the instability of the nitrated starches which had been 
prepared up to that time, treated the decomposition products of 
nitrostarch and nitromannite with alcoholic potash and similar 
reducing agents. 

J. Engels* endeavored to modify the disniptive effect of 
nitrostarch by combining the same with nitromannite, nitrated 
paper and nitroglycerol in the presence of an alkaline body as 
watcrglass, his product known commercially as Atlas Dynamite 
comprizing pyroxylin 1,8 to 28 parts, nitroglycerol 5.') to 44, pyro- 
paper 5 to 10, nitrostarch 20 to 10, with one part each of nitro¬ 
mannite and waterglass. It was found that the addition of 
small amounts of alkali, while it retarded decomposition, did 
not prevent the changing of the powder upon storage to a brown 
friable mass. 

The explosive of E. Euck and F. Rolxirts* was somewhat 
similar. 

C. Noroy* patented in 1888 the use of nitrostarch in com¬ 
bination with metallic oxides as an improved material for dyeing, 
claiming that nitrated starch prepared by the process disclosed 
in his patent application, possesses the property of dissolving 
small amounts of nearly all the known metallic and earthy oxides, 

Deut. Bauztg. 1869, 394; Berggeist, 1869, 246; Chem. Tech. Rep. 1869, 
8, II, 97; 1870, 9, It, 102; Bull. Soc. Chim. 1870, 14, 349; Jahr. Chem. 1870, 
23, 1128;^mer. Chemist, 1870, 1, 79; Ber. 1869, 2, 2.56. See W. Syniewsky, 
Ber. 1898, 11, 179,5. 

1. Wien. Acad. Ber. 1877, 7S, II, 702; ahst. Jahr. Chem. 1877, 10, 

.524; J. C. S. 1878, 34, 130; Dingl. Poly. 1877, 225, 611; Wag. Jahr. 1877. 
23 395 * 

2. ’ D. R. P. 10232, 1879; ahst. Chem Ztg. 1880, 4, .522, 733; Wag. 
Jahr. 1880, 26, 377; 1880, 12, 319; 1887, 11, 575; Jahr. Chem. 1888, 41, 1311; 
Dingl. Poly. 1880, 235, 328, 332; Chem. Ind. 1880, 1, 276, Chem Tech. 
Rep. 1880, 19, I, 339; Industrieblatter, 1880, .1.39; J. A. C. S. 1880, 2, 406. 

3. E. P. 12292, 1884; ahst. Wag. Jahr. 1885, 11, 279; J. S. C. I, 1884, 
1, 498; 1885, 4, 300,418; Chem. Tech. Rep. 1890, 29, 1,33. 

4. E. P. 17094, 1888; ahst, J. S. C. 1. 1889, 8, 878; J. Soc. Dyers Col. 
1888, 4, 169. The Satanite PowdeuCo. (E. P. 7719, 1911; ahst. C. A. 1912, 
6 , 2843; J. S. C, I. 1911, ^ 650. U. S. P. 989519, 1911; ahst. J. S. C. I. 
1911, H, 1186) have described an eralosive composed ol resin and starch 
nitrated together. Mon. Sd. 1912, 77, 31; Zts. Schiess. Spreng. 1911, 6, 
377; Chem. Ztg.«ep. 1912,1^ 531. 
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such as those of iron, copper, zinc, chromiupi, nickel, antimony, 
tin, arsenic, calcium and aluminium, and of preventing them 
from bejng reprecipitat^d by the addition of an excess of the 
alkaline oxides or carbonates. It is this property which enables 
the patentee to effect the dyeing in a more o&less alkaline medium 
in which cotton and wool and, in general, all animal and vegetable 
and textile materials can be properly dyed. 

The combination of nitrostarch and nitroglycerol as advo¬ 
cated by C. Volney' was never able to seriously compete with 
the analogous nitroglycerol-nitrocellulose combinations as typified 
by cordite. 

J. Sargent* sought to increase the stability and render more 
uniform the esterification of the starch granule by a reduction 
in temperature in the nitrating process. He appreciated the 
fact that—as in the nitrating of cotton—it is necessary for the 
attainment of uniform results that the esterified cellulose be 
practically anhydrous before subjection to nitration. To that 
end he dried the starch in closed containers at a temperature 
of 100°-140° and cooled to below 4° before immersing in the 
bath of one volume of nitric acid, of 1..5 sp. gr. and two volumes 
of sulfuric acid 1.84 sp. gr." The mixture was also cooled to 4° 
or lower. To each liter of this-bath was added 200 grams of 
starch and the whole thoroughly mixed by constant stirring, the 
temperature of the combined bath being kept under 6°, by pour¬ 
ing it on to broken ice. This precipitated the nitro compound 
which settled in a gelatinous mass, which was washed with water 
and then with dilute alkali and further stabilized by vigorously 
boiling for ten minutes to remove “those impurities whieh might 
interfere with the explosive qualities and impair the stability of 
the explosive.” 

•' W. Schuckher® combined stabilization, induration and the 
introduction of bodies to decrease the inflammability in the 

1. U. S. P. 366281,1887; abst. J. A. C. S. 1887,9,158. 

2. E.>P. 12316,1899;abst.J.S.C.I.1900,24,933. Can.P.66462,1900. 

3. E. P. 11665, 1889; abst. J. S. C. I. 1889, 8 , 818. F. P. 199734, 
1890; abst. Mon. Sci. 1890. 35, 331. D. R. P. 51755; abst. Chem. Zentr. 

1890, 81, II. 416; Jahr. Chem. 1890, 43, 2710; Wag. Jahr. 1890, 38, 646; 
Ber. 1890, U, 528-R; Tech. Chem. Jahr. 1889, 12, 167. D. R. P. 64434, 
1890; abst. Zts. ang. 1890, 3, 714; Jahr. Chem. 1890, 43, 2710; Wag. Jahr. 1890, 
38, 648; Ber. 1891, 24, 290; Erfind. Erfahr. 1891, 18, 232. E. P. 4243.14626, 
1890; abst. J. S. C. I. 1891, M, 67. F. P. 208248, 1890; abst. Mon. Sci. 

1891, 87,673. 
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preparation of a smokeless powder, and this, perhaps, was the 
first definite technical attempt to prepare nitrated starch com¬ 
binations which would be acceptable commercial competitors 
with tlie gelatinized nitrocelluloses. lie incorporated 50 parts 
of nitrostarch witli potassium, sodium, ammonium, or barium 



Fio. 143. —The MChlhXusbr Nitrostarch Manu- 
RAcTURiNG Method 


nitrates or picrates, in the presence of nitronaphthalene, or of 
nitrobenzol or aniline as stabilizer. The nitrostarch was inti¬ 
mately treated with a solvent to the point of incipient gektiniza- 
tion in order to harden the* finished product and increase its 
density. In the preparation of nitrostarch by the method of 
Schttdther pqjato starch is dried at a temperature of about 100° 
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and finely ground, then dissolved at 29 -25" in nitric add of 
1.501 sp. gr., using about ten kilos of acid to each kilo of starch. 
The s(jIution thus obtained is then mixed with a quantity of 
mingled sulfuric and niiric acids containing about seventy per 
cent, sulfurie acid monohydrate and ten 4 )er cent, nitric acid 
monohydrate used in the_proportion preferably of about five 



Fig. 144.—MCblhAusBR I>socbss ot Nitrostasch Manupacturb 

a 

kilos to each kilo of nitrated starch solution, which is thoroughly 
agitated with the acid at a temperature of 20°-25°. The nitrated 
starch is precipitated in a very finely subdivided condition, col¬ 
lected on a filter of guncotton and after filtration freed from 
residuary acid by pressure in a hydraulic press, the cakes pro¬ 
duced being well agitated and thoroughly washed in water. 
About five parts of soda solution is then added and after remaining 
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product containing from 10.5 to 10.58* per ce.it. of nitrogen. 
Miihlhauser furnishes the following table relative to the three 
methods of preparation investigated by him: He was able to 
prepare and separate two bodies of the following definite com¬ 
position, viz: * 

. (a) CiH7iiO.,^(NO,)7!'-i 

(b) C,H70,(N07)7 

or doubling the molecule of starch in order to give the expression 
whole numbers; and adding a product of 11.1% total nitrogen 
obtained: 

Tetranitrostarch CwHuOefONOah. nitrogen II 11% 

Pentanitrostarch Ci7Hi»06(0N07)i. nitrogen 12 75% 

Hexanitrostarch Ci 7 H, 40 (( 0 N 07)6 .nitrogen 14 14% 

That not nitro compounds but true esters of starch are 
formed was proven by the fact that the substances separate 
nitric acid upon treatment with sulfuric acid, while nitric oxide 
and soluble starch are both regenerated upon treatment with 
aqueous fe'rrous chloride. Furthermore, upon shaking a sample 
with sulfuric acid over mercury, all the N is split off as NO. 

In addition to the tetranitrostarch above described Muhl- 
hauser prepared the pentn and hexa derivatives as follows: 

Pentanitrostarch. Miihlhauser obtained, from rice starch 

and potato starch, by throwing 1 part starch in 50 times its weight 
of a nitrating acid (1 part HNOj to ,5 -3.5 parts HjSOd, a mix¬ 
ture which dissolved in ether-alcohol, and from which, after 
evaporation of the ether, the pentanitrostarch was obtained as a 
white granular mass, while tetranitrostarch still remained dissolved 
in the alcohol. The N content of the fonner was found to be 
12.50%-12.!)8%. 

Hexanitrostarch mixed with pentanitrostarch was obtained 
_ by throwing 40 gm. dried starch at ordinary temperature within 
the course of one-half hour in 400 gm. HNOa (1.501) stirring and 
allowing to stand for half an hour. The solution was then run 
under stirring in course of one-half hour into 1200 cc. HjSOi, 
(50° Be., allowed to stand, poured in much water, filtered and 
worked up as usual. The product gave a N content of 13.22%- 
13.53%. 

The Dynamit Actien-Gesselschaft Nobel' replaces nitro- 

1. E. P. 5382, 1884; absl. J. S. C. I. 1885, 4, 417. E. P. 1469, 1888; 
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'benzol previously advocated by di- or trinitrobenzene, di- or tri¬ 
nitrotoluene, di- or trinitroxylene, mono-, di- or trinitronaphtha- 
lenc, in conjunction with nitrostarch or nitppdextrin. 

The patented processes of H. Kolf,' A. Pike and W. Thew,’ 
and the Explosivstoff-Werke Spiralit Gcscllschaft and ^I. Thom’ 
offer nothing new. 

The process of W. Will and F. Lenze* for the nitration of 
starch is to gradually immerse starch under cooling in ten volumes 
of nitric acid of l..'j2 sp. gr., subsequently adding sulfuric acid 
after about 21 hours. The precipitated nitro prtxluct is then 
well washed with water, extracted with cold and subseqnently 
twice with boiling alcohol, the residue being dissolved in a mix¬ 
ture of alcohol and acetone and the acetone evaporated, where¬ 
upon the product remains as a white powder. It is then filtered 

15, .'JOt' H, P G.™, 1S88, ahst J. S C I, 1888, 7, 4IG; 1880, 5, 238, 420, 
Proc r 8 Nav. Inst. 1800,16, 40 K P. 0128, 0120, 1801, al)St. J. S. C. I. 
1802, 11, 207, 4r4!. F P. I8.')178, 18,4170, I8.)180, ahst Mon. Sci 1888, 
32, 7.40, Tech Clicni. Juhr. 1887-8, 10, 10.4 F. P 180801; ahst. Mon. Sci 
1888, 12, 88:1. F. P, 212048, 2I2(H0, 2120.40; abst Mon. Sci. 1801, 30, 
123.4, 1243; Tech. Chem. Jahr 1801-2, U, 142. tl. S. P. 4.40.408; abst. 
J. A. C. S. 1801, 13, 220; Tech. Chem. Jahr. 1801-2, M, 100. I). H. P. 
.47711; abst Zts ang. Chem. 1801, 4, 011; Chem Ztg. 1801, 15, 1474; 1802, 

16, 1270; Chetn Tech. Rep. 1801, 30, II, 2.4.4, Wag Jahr. 1801, 37, 431; 
Her. 1802, 25, 240-H; Moyer Jahr. them 1801, 1, 3,34; Industricbl. 1891, 
II, 2.5.4; Dingl. Poly. 1802, 284, 137, Tech. Chem. Jahr. 1891-2, 14, 144. 
See also F. P. 1471, 1888, abst, J. S. C. I 1889, 8 , 214; Tech. Chem Jahr. 
181K). U, 100; Chem Tech. Rep 1890, 29, I, 224; Zts. ang. Chem. 1889, 
2, 34.4; Jahr. Chem 1880, 42, 2082; Wag. Jahr. 1889, 35, 474. Bclg. P. 
80419. Ital. P. 22004, 1888. 

1. E. P. 22730, 1802; abst J. S C I, 1893, 12, 10,47. G. Lozinsky, 
I' S P, 702447; abst. Chem, Ztg. 1004, 28, 048; Chem. Zts. 1004, 3, 692, 
Mon. Sci 100.4, 63, 1.4. U, S. P. 709087; abst J. A. C. S. 1900, 28R, 230; 
Mon Sci 1906, 65, 07, Zts Schiess Spreng. IIKKI, 1, 50. D. R. P, 188829; 
abst Chem. Zentr 1007, 78, II, 1880, Chem Ztg. Rep. 1907, 31, 483; Chem 
Zts. 1907, 6, 224 F. P :)9.403.5: abst Mon Sci. 1010, 73, 97. E. P. 22.45.4 
1908; abst J. S. C. I. 1009. 28, 817. Swiss P. 4.4490, 1008, prepares the ex¬ 
plosive eompound "Hydrox” by combining potassium chlorate, nitrostarch, 
and nitrated resin. 

2. E P. 20704, 1896; abst. J. S. C. I. 1808, 17, 00; Chem. Ztg. 1808, 
22, 340; Mon Sci, 1808, 52, 222; Arms and Explos. 1898, 6, 60. 

.3. E. P. 82,40,*1898; D. R. P 102743; abst. Chem. Centr. 1899, 70, 
II, 463. The E. Steele process (E. P. 4115, 1900; abst. Zts, Schiess. Spreng. 
1907, 2, 195; J. S. C. I. 1907, 26, 280; C, A. 1907, 1, 1480) for rendAing ex¬ 
plosives practically non-hygroscopic consists in coating t'hc salt (as ammonium 
nitrate) with nitrated starch and resin, the mass being then atomized with 
methylated spirit to colloid the nitro compounds, thus rendering the salt 
impervious, as described in E. P. 14676,^901; abst, J. S. C. I. 1902, 21, 1155. 

4. Her. 1898, 31, 87; abst. Chem. News, 1898, 77, 1,42; J. C, S. 1898, 
74, i, 227; J. S, C. I. 1898, 17, 271; Bull. Soc. Chim. 1800, 20, 390; Chem. 
Centr. 1898, 69, I, 441; Jahr. Chem. 1898, 51, 1.307; Wag. Jahr. 1898, 44, 
707; Zts. ang, Chems 1^8, U, 517. 
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under suction, boiled with alcohol and jvftshed ■jyith water, after 
which treatment it shows a decomposition point of 194° without 
previously melting, gave 14.04% nitrogen, was readily soluble 
in acetone and ethyl acetate and was found perfectly stable after 
storage for six months at 00°. • 

The smokeless powder of C. Hengst, patented in 1901,' com¬ 
prized the incorporation of 911% of nitrostarch under runners 
with 3% potassium nitrate, 1% zinc sulfate and the balance 
ground charcoal, the composition after drying being mixed with 
.0% nitroglycerol, 2% linseed oil and 15% acetone. 

A. vSaposchnikoff^ has recently investigated nitrostarch 
obtained by nitration with an acid mixture of nitric acid of sp. 
gr. 1.51 and sulfuric acid 1.841, which gave 13.44% nitrogen 
and a molecular weight of 1824-1842, and 1829-1884. 

The process of manufacturing nitrostarch as developed by 
C. Arnold, A. Fox, A. vSeott, and H. Roberts,’ consists in adding 
the starch to either nitric acid, sulfuric acid, or the waste acid 
from nitrocellulose manufacture, so as to obtain the precipitation 
of nitrostarch in the form of a flaky mass which is freed from acid 
in the usual way by the action of water and afterwards rendered 
stable by successive boiling with water with or without the addi¬ 
tion of small amounts of alkali. The product thus obtained 
formed the basis of an explosive and celluloid substitute. They 

1. K. P. 15141, 1001; abst. J. S. C. I. 1902, 21, 11,55; Chem. Ztg. 1902, 
28, 11(51. D. R. P. 482(55; abst. Chem. Centr. 1890, 61, I, 559; Jahr. Chem. 
1889, 42, 2683, Wag. Jahr 1889, 35, 662; Ber. 1889, 22, 525-R; Chem. Tech. 
Rep. 1890, 29, I, 222. 45. S. P. 640160, 1899. 

2. J. Russ. Phys. Chem. Soc. 1903, 35, 126; abst. J. C. S. 1903, 84, 
i, 402; Bull. Soc. Chim, 1904, 3T, 218; Chem Centr. 1903, 74, I, 1122; Jahr. 
Chem. 1903, 56, 1(X)8; Meyer Jahr. Chem. 1903, 13, 345. 

The explosive of R. Hill (U. S. P. 1.3.34,303, 1920; abst. C. A. 1920, 
14, 1609; J S. C. I. 1920, 39, 386-A) is suitable for blasting and is stated to 
consist of ammonium perchlorate 45-55%, nitrostarch 35-45% and sodium 
nitrate or other similar compound which will combine with chlorine produced 
by the explosion and will thus serve to avoid liberation oflchlorine or hydro¬ 
chloric acid. A small amount of oil, a liquid nitro compound, manganese 
dioxide and sulfur may also be added. 

3..- E. P. 3449, 1906; abst. J. S. C. I. 1907, 26, 167; C. A. 1907, 1, 1192; 
Zts. Schiess. Spreng. 1907, 2, 177. 

In the process of nitrostarch manufacture as disclosed by the Acktienges. 
Dynamit Nobel (D. R. P. 57711; abst. Mon. Sci. 1892, 40, 51; Ber. 1892, 
25, 240; Wag. Jahr. 1891, 37, 431; ^ts. ang. Chem. 1891, 4, 611) dry starch 
at 100° is treated with HNOi of sp. gr. 1.501 at 20°-2S°, the starch being sub¬ 
stantially dissolved in the acid. It is then precipitated in a large bulk of 
water, and is stabilized by mixing with a 1% aqueous solution of a^ine until 
thoroughly impregnated, then centrifuged, and finally tbred. 
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claim good results are obtainable by using nitrostarch prepared 
according to their process (00 to 75 parts with camphor 20 to 30 
parts, using waste spirit as the mutual sijlvent).' 

G. Bailey* nitrates in one operation a mixture^ of rosin and 
starch as the basis of an explosive to which he attributes especially 
desirable properties. 

G. Holmes, who has assigned his process to tlu* Ka.stem 
Dynamite Co.,* stabilizes nitrostarch as prepared by him by 
boiling it in the presence of an insoluble substance as calcium 
carbonate capable of neutralizing the acid.* Holmes has evi¬ 
dently made a systematic study of the influence of stabilizing 
bodies upon nitrostarch in a manner similar to the earlier investi¬ 
gations of the influence of stabilizers in conjunction with cam¬ 
phor and nitrocellulose for the preparation of commercial thermo¬ 
plastic bodies. He has obtained patent protection for the use 

1. H, P am KtOfi: alxst. J. S. C I 1'.>(I7, 28, 27t; C A. liK)7,1,1147, 
1487 A Mikolajczak (P. P. 8111111; Mon .Sci 1110,5, 63, 80; Chem. Ztg. 
11K)4, 28) a powder containing nitrostarch 

2 U .S P. 1I80.51H; ahst J. S. C, 1 lull, 31, 0.50, 1180; C. A. 1911, 
S, 21.S0, Mon. Sci 1912, H, Ml; Zts. Schicss .Sprens 1911,6,877, H P, 
7719, 1911; ahst C. A 1912, 6, 2818, J S C 1 1911, 30, 1180; Chem, Ztg, 
Rep 1912, 36, .581; Zts. .Sr-liicss Spreng 1912, 7, 81 

8 P. S P 779421, 779422, 1905, ahst. J S C. 1 1!«I5, 26, 1.52; Mon. 
Sci 1905, 62, 142, Chem. Ztg 1905, 29, 105, Chem Zts. IWIS, 4, 113; J. A. 
C S 190.5, 27R, ,511. 

4. Holmes, in describing his process says "The starch is mixed with 
concentrated nitric and sulfuric acids, preferably in the proportion of 
25 parts starch to 100 parts of mised nitric and sulfuric acids in the follow¬ 
ing proiHjrtion. nitric acid 82 5',', sulfuric acid 04 5',;, water 8‘,'i, although 
these limits may Ik; varied somewhat and still produce a satisfactory product. 
After separation from the acids, the nilrate<l starch, which is then in an un¬ 
stable condition due to impurities, is mixed with alcohol and a reagent which 
has a lower evaporating point than the alcohol, and which reagent alone or 
in the pretience of alcohol, will dissolve the nitrated starch 

"As the reagent altovc mentioned, I have used acetone or ether, both of 
which have a lower evaporating |)oint than alcohol The acetone ahrae will 
dissolve the nitrated starch The ether alone will not dis.solve all the ni» 
trated starch, but in conjunction with the alcohol will dissolve substantially 
all Both acetoiye and ether have a lower eva|>orating point than alcohol. 
Acetone is -preferable because a higher nitrated product is obtained than 
where ether or ether and alcohol is used. With acetone, the lojircr nitrates 
remain in the solution, while when ether is used, some of the lower nitrates 
are subsequently precipitated. Approximately 1 part nitrated starch to 
1 part acetone or ether and 2 parts alcohol is preferred. After the nitrated 
starch has been dissolved, the acetone or ether is evaporated oB, leaving the 
former in stupension in the alcohoR Irrespective of which solvent is used, 
^ose impurities which tend to produce instability in the starch will remain 
in solution in the alcohol while the stable nitrated starch, being insoluble, 
is precipitated oyt, and dried, after filtration.’’ 
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in connection with starch of ammonium arsenatct;' ammonium 
chromate or potassium ammonium chromatethe acetate, pro¬ 
pionate, butyrate, stearate and palmitate of annnoma, especially 
ammonium |)ahnitatc,’ acid ammonium tartrate, sodium am¬ 
monium tartrate,, neutral ammonium tartrate and potassium 
ammonium tartrate;' the pyro-tartrates such as acid and neutral 
ammonium pyro-tartrate, sodium ammonium pyro-tartrate and 
the potassium ammonium compoundmono-, di- and tri-ammon¬ 
ium citrate, sodium ammonium citrate and [wtassium ammonium 
citrate;* the amides of oxalic acid, as oxamide and oxamic acids;’ 
those substituted ureas in which the oxyc'cn is replaced by an 
inorganic radical such as thiourea and guanidine;* an aniline salt 
as the hydrochloride, nitrate, sulfate, or preferably the oxalate;* 
substituted anilines as chloraniline, bromanilinc or preferably 
nitraniline;'" the organic aliphatic acid anilids as formanilid, ox- 
anilidand acetanilid;"-thc substituted toluidincs including ehlor- 
toluidinc, bromtohudinc and nitrotoluidinc,'* or the toluidine 
hydrochlorides, nitrates, sidfates or preferably the oxalates;'* 
or the formtoluid, acetoluid or the tpluid of oxalic acid;" benza- 
midc, dibenzaiuin and the amid of toluic acid (toluamid)."' In 

1. t' H P ST.WI t, lOOS, abst C A 10(18, 2, 1400, Chcni 

Xlg. Kep. law, 32, 20,S; M<in Sci 1000, 71, 127; V.U Scliicss. ,Si)rcng 1008, 
3, 217. 

2 t.i S l>. .S7.S01.7, 1008; abst C A. 1008, 2, MOO; Clieni Ztg Rep. 
1008, 32, 208; Zt.s Schicss .Sproiig 1008, 3, 217. 

;t U. .S P. 87.")01(i. 1008; abst C. A 1008. 2, 1400; Chem. 7Ag. Rep 
1008, 32, 208; Zts. Schiess Spreng. 1008, 3, 210. 

4. U S, P. 87.'>017, 1008; abst C A 1008,.2, 1400; Chem Ztg Rep, 
1IKI8, 32, 208; Zts. .Sdiiess Spreiig 11KI8, 3, 217. 

.0. U, S P. ,87,')018, 1008; abst C. A 1008, 2, 1100; Chem Ztg. Rep. 
1008, 32, 208; Zts. .Schiess Spretig 1008, 3, 217 

0. U. S. P. 87.7010, 1008, abst. C A. 1<M)8, 2, 1100, Chem, Ztg, Rep. 
1008, 32, 208; Zts. .Sehiess .Spreng. 100,8, 3, 217, 

7, tt. .S, P, 87.7020, 1008, abst C. A. 1008, 2, 1400, Chem. Ztg. Re|» 
1008, 32, 208, Zts. .Sehiess. Sitreiig 1008, 3, 217 

8. U. S. P. 87.7021, I1KI8, abst C. A 1(K)8, 2, 1400; Chem. Ztg. Rep. 
1!K)8, 32, 208; Zts Sehiess Siireng. 1008, 3, 217. 

0. U. S. P ,87.702;i. 1008 

10. tl. S. P. ,87.7022, 1008. 

11. II.S. P. 87'>024, 1008. 

12. IJ. S. P. 87.702.7. 1008 

i;i. lb S. P. 87.7020, 1!H)8, 

14. U. S. P. 87.7027. lt)08. 

15. U S. P. 87,7028, 100,8. In thr method of manufaeturiiig nitro- 
stureh explasives as worked out by W. Snelliiig and W. Laws (U. S. P. 1,820211, 
1220212, 1020; abst J. S. C. I. 1920, 39, 240-A) nitrostareh is coated with 
a heavy mineral oil and then treated with an organic stabilizing agent soluble 
in the oil. W. Snelling (U. S. P. 130594B, 1919; ab.st. 7. Sf C. I. 1920, 39, 
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iddition to these, patent protection was obtained covering the 
ISC of ammonium carbonate' and ammonium oxalate." 

His preferred explosive,'' which compri/.es a nitrate, carbo- 
liydrate, a solid inorganic oxidi7ing substance, and a non-volatile 
lirpiid organic compound is composed of nitrostarc^i 70, sodium 
nitrate 2.'), and nitroglyccrol o. 

The nitrolite of C. Lamin' and the explosive of the Pulver- 
Fabrik Hassloclv'’ offer nothing new. 

In Hill M. Lindsley" assigned to the King Powder Co. a 
method for the co-nitration of benzene and starch and for an 
explosive based upon the same," comprizing nitrostarch and 
nitrosugar each 0.2.'), nitrobenzene -1, potassiinn nitrate .W.’), 
charcoal 10, nitrocellulose 12,.j, sulfur 7 and asphalt 1. 

The gelatinized propellent explosives containing nitrocom¬ 
pounds such as nitrocellulose, nilromannitol, nitrostarch and 
nitroglyccrol, as developed by F. Nathan, W. Rintoul and T. 
Raker* are rendered more .stable by the addition thereto of one 

ItHg-A) has prepared a smokeless powder hv mixiiifi iiilroslareli witli an agent, 
r e . Uipnd Irmitrcdolnene. which does not gelalinire the nitrostarch dtiring 
the mixtng process, and suhsecptently heating the ntistnre to litr -tKI" C, 
to cause “colloidiration ” The ammonium tntrate explosoe of W Snelling 
(P. S P IdddUtid. 192tt) contains ammonitim nitrate in excess of AiY/l of the 
entire mixture, nitrostarch and a finely divided in.iterial of high covering 
power interspersed among the particles of the amiiloTliiim nitrate 

I. 1'. S ]> 81I.W!II. IIIDS. alist. C .A 190,S. 2, :i2X(i, Mon. Sci ItlfW, 
71, I2K, Zts Schiess Spteng IttttS, 3, 4IK 11 I'htischeim (!' S P. 1114X317, 
Ittgt); abst C. A 11)211, 14, 24201 has patented c>anainide and calcium cyanide 
as a introstarch stabilizer 

2 t! S. P. 81114211. 11108, abst C A 111118, 2, 2111i.'i, Chem Ztg. Kcp. 
11108. 32, 44.';; Mon .s'ei ItlOll, 71, 127, Zts Schiess Spreng 11108,3,31)1) 

3. V S P 8111177, 1 <107, abst C A 11)07, 1, 30)14, Mon Sci. ItlOR, 
6S, lit), Zts Schiess Spreng 11108, 3,18, J S C I 11)1)7,28,(11)1. 

4. His product consisted of nitroglyccrol 1111-1)4, nitrocellulose (ni- 
tr.ited cofton, straw or starch) I -li Ammonium, sodium or jmtassinm ni¬ 
trate and light charcoal .fiO 1.50 Nitrobenzene is said also to be present 
It is stated that the above is hallo to exudation and is verv hygroscopic. 

5. D. k. )>. 130.523; abst. Jahr. Chem 10112, S5, 10,5(1; Wag. Jahr.* 
11)02, 48, I, 303; Zts. ang Chem 11)02, 3S, 438; Chem. Ztg. 11)02, 2$, 391, 
Chem. Zt.s 11)02,1,81), 843; Mon. Sci. 1903, 59, n 

0 11. S. P. 100872.5, mil; abst. J. .S. C. I 11)12, 31, 1470; C A 1912, 

6, 21)4; Mon Sci 1912, 77, 1,50, Zts. Schiess. .Spreng 11)12, 7, 81.* 

7. G. King and M. Undsley, U. S. P. 1012368, 1911; abst. J. S C. I. 
1912, 31, 92; C. A. 1912, 6, ,547; Chem. Ztg. Rep. 1912, 38, 34.5; Mon. .Sci. 
)'912, 77, 159. The explosive of W. Snelling (11. S. P. 1343(Ki9, 1920; abst. 
C. A. 1920, 14, 2420) is formed of ammonium nitrate 00, sodium nitrate 18, 
nitrostarch 12, rouge 8, and a hydrocarbon oil 2. 

8. E. P. 12743, 12744, 12745, 12746, 1912; abst. C. A. 1913, 7, .3842; 
J. S. C. I. 1913, 32, 991; Chem. Ztg. Rep. 1913, 37, 614. Sec also E. P. 
4940, 4941, 1913',abst, J. S. C. I. 1914, 3J, 712, 713. 
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or more anilids of the general formula RCO and NH(>, in which one 
of the hydrogen atoms of the amido group is replaced by an 
aromatic radical and in yhich the second hydrogen atom may be 
replaced by an aromatic or aliphatic radical. As* an example 
the formula nitroglycerol 'M%, nitrocellulose 05% and phenyl- 
acetamide 5%, is given. 

The apparatus for nitrating starch, as perfected by A. Ellis,* 
comprizes a nitrating tank, receptacles for nitrating acids and 
material to be nitrated, with connections therefrom to the nitrat¬ 
ing tank and cooling coils around it, and a blower for forcing the 
finely divided starch through the supply connection into the 
closed nitrating tank, the latter having a hood to direct the 
particles downward into the acid. 

J. Braunstcin, as the result of his investigations upon the 
stabilization of nitrostarch, has obtained patent protection for 
the use as a nitrostarch stabilizer of sodium bicarbonate,** borax 
or an alkaline borate,** finely divided iron or iron filings,^ either 
alone or in combination with lime,'* or ammonium nitrate. Tro¬ 
jan Powder, a blasting powder used^ extensively in the building 
of the Panama Canal and composed of nitrostarch, ammonium 
nitrate, siKlium nitrate and a stabilizer is {he development of the 
patents of Braunstein referred to above. 

Detonating explosives, in which nitrostarch is the essential 
ingredient have been patented by J. Braunstein and C. Waller 
and include the combination of nitrostarch with ammonium, 
sorlium or barium nitrates and trinitrotoluene;® preferably with 
the addition of calcium carbonate’ or paraffin oil.* 

1. U. S. P. KKimt, Ulll; abst. J. S. C. I. lilll, 30, 1232; C. A. 1911, 
5, .3911; Chom. Ztg. Uep. 1911, 35, ,59,5. 

2. U. S. P. 8090.51, 1907; abst. J. vS. C. I. 1907, 2$, 1216; C. A. 1908, 

2, 91,3; Zts pchicss. Spreng. 1908, 3, 116. * 

' ,3. U. S. P. 868630, i;k) 7; abst. J S. C I. 1907, 25, 1216; C. A. 1908, 

2, 912; Mon Sci 1!M)9, 71, 127: Zts. Schiess. Spreng. 1908, 3, 55. 

4. U. S. P. .868037, 1(H)7; abst. J. S. C. I. 1907, 28, 4216; C. A. 1908, 
2, 912; Chcni, Ztg. Rep 1907, 31, 614; Zts. Schicss. Spreng. 1908, 3, 55. 

5. |I. S. P. 868638, 1907; abst. J. S. C. I. 1907, 26, 1216; Chem. Ztg. 
Rep. 1907, 31, 614: Zts. Svhiess. Spreng. 1908, 3, .55. 

6. U. S. P. 868837, 1907; U. S. P. 1188244, 1916; abst. C. A. 1916, 
16, 2150; J. S. C. I. 1916, 35, 908; Mon. Sci. 1917, St, 56. 

7. U. S. P. 118824.5. 1916; abst. C, A. 1916, 10, 2150; J. S. C. I. 1916, 

35, 908; Mon. Sci. 1917, 84, ,56. * 

8. U. S. P. 1188246, 1916; abst. C. A. 1916, 10, 2150; J. S. C. 1. 1916, 
35, 908. See also J. Braunstcin, U. S. P. 868760, 1907; abst. C. A. 1908, 
2, 912; Mon. Sci. 1909, 71, 127; Zts. Schiess, Spreng. 19Q8, ^ 96. 



NITROCEIXULOSB THBORy 


1831 


Nitrostarch prepared according to the process of S. Sadtier* 
is formed by treating starch for two to four hours with a cold 
1.5% .solution of caustic soda in 2% of ordinary starch to remove 
the oil and proteins and swell the starA granules, rinsing with 
several changes of water, agitating with a 2% solution of bleaching 
powder (calculated on the weight of the starch) washing with water 
slightly acidulated with hydrochloric acid, drying and then nitrat¬ 
ing the starch thus purified in a bath containing 65% of sulfuric 
acid, 2.5% nitric acid and 10% water, finally boiling the nitrated 
product first with water, then with a dilute sodium carbonate 
solution, finally following with prolonged washing with water to 
strict neutrality. Tlie final product thus produced contains 
from 12 to 13 per cent, of nitrogen and is said to be more powerful 
as an explosive than nitroglycerol; is insensitive and cannot be 
exploded except by a detonator; does not yield injurious fumes 
upon combustion; is non-hygroscopic; insoluble in water, soluble 
in acetone and amyl acetate; denser than nitrocellulose and 
gelatinizes with nitroglycerol. However, where 5 to 6 per cent, 
of nitrocellulose is required for this purpose, 80 to 85 per cent, 
of nitrostarch may be used. One pound of dry starch produces 
1.5 pounds of nitrostarch of a density of 1.57, giving an Abel 
heat test at 175° F. of .30 minutes and Sy stability test at 65° C. 
of one minute thirty-five seconds, and gave a potassium iodide 
-starch test of 15 minutes at 70 °.® 


In the series of patents granted to Arthur Hough for the 
commercial manufacture of nitrated carbohydrates especially 
useful as explosives’ he made a radical departure from the earlier 
methods in nitrating in the presence of but small amounts of 
water, taking advantage of the observation that when a carbo¬ 
hydrate has once been nitrated an increase of but little in nitration 
can be obtained only with the greatest difficulty, so that whatever , 
degree of nitration is desired must be effected at the moment the 
carbohydrate comes in contact with the acids for the first time. 
In order to decrease the aqueous content of the nitrating bath 


1. U. S. P. 1211761, 1917; abst. J. S. C. I. 1917, 36, 238; C. A. 1917, 

S«, 60. Can. P. 170773, 1916; abst. C. A. 1918, 

2. Met. Chem. Eng. 1917, 36, 361; abst. C. A. 1917, U, 17,10. 

3. U. S. P. 790840, 1905; abst. J. S-lC. I. 1905, 24, 691; Chem. Zts 
1905, 4, 331; Mon. Sd. 1905, 83, 141; J. A. C. S. 1906, 23R, 53. 
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free sulfuric acid was added at the beginning of nitration and 
provision was made for the further addition of anliydride to pre¬ 
serve the acidity during the entire step. He claims that by this 
proceeding a body is ’obtained containing as high as lfiV 2 % 
nitrogen wl*ch would indicate the product to be an octo-nitrate 
of starch. No investigator up to this time had been able to 
obtain nitrostarch containing .so high a percentage of nitrogen. 
Hough dissolved the starch in nitric acid at a temperature of 90° 
F. and subsequently precipitated the nitrostarch by passing 
gaseous sulfuric anhydride, through the solution. In a latter 
patent' he altered the process by nitrating starch with a mix¬ 
ture of 3 parts of nitric acid of 9.5% monohydrate and 2 parts of 
98% sulfuric acid, adding .sufficient sulfuric anhydride to this so 
as to effect-a concentration of 100% acidity with one to two per 
cent, of free sulfur trioxide in the .solution. Further, during the 
process of nitration he injects more sulfuric acid having an excess 
of about 2%, anhydride into the mixture and in this way obtains 
substantially a starch octonitratc. 

C. Hoitsema^ who had already studied the possibility of 
producing cellulo.se nitrates higher than the hexanitrocellulose 
by decreasing the water formed in the reaction by means of the 
addition of phosphoric anhydride, was unable to prepare products 
of as high nitration as 1.5%. 

E. Iferl and R. Biitlcr* have made experiments in the prepara¬ 
tion of the highest nitrated starch according to tlie process de¬ 
scribed by Hough. They nitrated wheat, potato, rice and .soluble 

1. U. S. r. 7.51070; abst. J. S. C. I, 1904, 23, ,38,5, Clicm. Zts. 1904, 
3, 491; Mon. ,Sci. 190.5, 63, 1,5; J. A. C. .S. lOtW, 26R, 401, K. I’. 21171, 
1902; abst. Arms and Explos. 1903, U, 17; J, .S, C I. 1902, 21, 1471; Chem, 
Zts, liHM, 28, 111; Mon, Sci, 190.5, 63, 14. E. P. 12627, 1904; alxst J. .S. C, I. 
1904, 23, 9.50; Chem. Ztg. 190.5. 29, 1090; Mon. ,Sci. 1900, 6S, 1,3.5. E.'P. 

.325190; abst. J. S. C. I. 1903, 22, 050; Chem. Zts. 1903, 2, 370; Mon. ,Sci. 
1904, 61, 10. F. P. 343907; abst. J. S. C. 1. 1904, 23, 113; Chem, Zts. 1904, 
3, 704; Mon. Sci. 190.5, 63, 86. D. R. P. 172.549; abst. Mon Sci 1908, 68, 
47; Wag. Jahr. 1906, 52, 1, 471; Chem. Centr. 1906, 77, 11, 938; Zts. ang. Chem. 
1906, is, 10.55; Jahr. Chem. 1905-8, II, 851; Zts. Schiess, Spreng. 1906, 
1, 238. Norw. P. 14406, 

2. Zts. ang. Chem. 1898, 11, 173; abst. J. .S, C. I. 1898, 17, 374; Wag. 
Jahr. 1898, 44, 38;i; Chem. Centr. 1898, 69, 1, 780. 

3. Zts. Schiess. Spreng. 1910, 5, 82; abst. C. A. 1910, 4, 1556; J, S. C. I. 
1910, 29, 373; Chem, Zentr. 1910, 71,»I, 2074; Jahr. Chem. 1910, 63, II, 
412; Wag. Jahr. 1910, 56, I, 495; Zts. ang, Chem. 1910, 23, 1198. See also 
E: fieri and W. Smith, J. S. C. I. 1908, 27, 534; abst. Chem. Zentr. 
1908, 79, II, 686; Jahr. Chem. 1905-8, II, 985, 
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starch accordhig to the metliods described by Hough, the linished 
products being examined with the following results: 


Kind of 

N 

Plash 

Solulnlity in 

Hygro- 

vStarch 


Point 

M. Alcohol Pv. Alcohol ^opicity 

Wheat 

l.'l 25 

121 

Insol 

Bifticultly 


Potato. .. 

V.) 44 

120 

Insol, 

Difficultly 

0 ,57% 

Rice .. . 

12 S(i 

m 

Insol. 

Soluble 


sSolubIc... 

IS ;i5 

120 

Insol. 

Soluble 



'I'hc nitrostarches obtained by them are pure white products 
indistinguishable in appearance from the raw material, dissolving 
slowly in concentrated sulfuric acid, more readily by heat.' 
'I'liey were unable to confirm the statement of Hough as to higher 
nitration, and the stability of the nitrated starches prepared by 
them was low and not uniform. They found the nitrostarches to 
show great differences compared with the higher nitrated cellu¬ 
loses owing to their distinct hygroscopicity and this fact, of course, 
militates against their suitability in blasting technics. Their 
results led them to Ix-lieve there exists a close relationship between 
the size of the molecules of the nitrates of cellulose and starch. 


The nitrostarch made by the Noliel process, while it dissolves 
more easily in nitroglycerol, docs not as completely gelatinize 
it as does pyroxylin, due to the low viscosity of the solution in 
acetone. Herl and Biitler nitrating potato starch by Hough’s 
method obtained the following viscosities for solutions as com¬ 
pared with nitrocellulose nitrated in the same way, both con¬ 
taining l.'i.4% nitrogen: 


Potato starch nitrate 
Cellulose nitrate . . 


1 % .')% 
,Sotution Solution Solution 

1.74 2.06 9 47 

9,') 1 1,00.5 85,640 


With other varieties of starch the viscosities were still lower. 

A distinct disadvantage of nitrostarch over nitrocotton is in the * 
fact that it absorbs a much larger proportion of moisture from 

1. This is contrary to the statement of the Hough patent^ specifica¬ 
tions in which they are said to be but slightly soluble in sulfuric acid. Ac¬ 
cording to Hough, best results are obtained when the starch is submitted to 
a purification process preliminary to nitration. This purification is best 
brought alrout by agitating the starch for several hours in a 1% sodium 
chloride solution containing 0.1% HClfat a temperature of 60°, which removes 
a hygroscopic material from the interior of the starch granule, to the ex¬ 
tent of 5% on the weight of the starch. With this preliminary removal of 
the "hygroscopic” constituents, it then becomes possible to nitrate to a 16% 
nitrogen product, hud also to greatly increase the stability. 
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the atmosphere just as starch is more hygroscopic >than cellulose. 
Thus Will found the following materials after being dried in an 
oven at 40° take up tlw amounts of moisture in %n atmosphere 
nearly saturated at 2")° as shown below: 


Cotton,.. . 
Wheat starch 

Maize. 

Potato. 

Rice. 

Soluble. 


Hygroscopicity 


7 to 8% 
11.4% 
10 . 8 % 
14.1% 
11.4% 


Corresponding figures for the nitrated products were found by 
Will and by Berl and Butler to be: 


Rice starch nitrate.... 
Soluble starch nitrate.. 
Potato starch nitrate.. 


Per cent. 

Hygro¬ 

Hygro- 
scopicity 
of Nitro- 
cotton 
with same 
Percentage 

N 

scopicity 

N 

8.51 

7.37 

6.1 

12 95 

8.40 

1 6 

13 44 

6 57 

1 2 


Nitrostarch has not been authorized for manufacture or 
importation into England. However, in the United States it is 
used in large amounts as a component of high explosives. 

The defeats in general of nitrostarch are the difficulty 
of inducing the proper stability, and the fact that nitrostarch can 
not be nitrated so highly. 

A summary of the various methods propounded up t6 the 
present time for the preparation of acceptable nitrostarch are 
comprehended in the following generalizations: , 

1. A preliminary treatment of the starch by heating with 
^ dilute alkali to remove the oil, pectinous and mucilaginoTus 

matters. 

2. Selection of a starch with the minimum of inorganic con¬ 
stituents^ (ash). 

3. Removal of ‘the maximum amount of water from the 
starch granule by previous drying at 105° to 115°, and preserva¬ 
tion of this anhydrous state unt^l the moment of immersion in 
the nitrating bath. 

4. Solution of the starch in nitric acid of concentration and 
at a temperature so that a clear solution reShlW. The concen- 
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tration of nitric acid and the temperature will depend upon the 
nature of the starch used and the amount of moisture contained 
therein. Upon the temperature, in a large measure, depends 
the amount of oxidation which the ‘starch granule undergoes 
coincident with nitration. * 

5. The temperature of esterification must lx; kept sufficiently 
low so that nitration proceeds with the maximum uniformity for 
upon this, in a large measure, depends the question of ultimate 
stability. Microscopic examination of the nitrated starch granule 
shows that the exterior portion of the granule upon nitration 
gives a product which is much less deliquescent than is the nitra¬ 
tion of the inner layers. 

f). Precipitation of the nitrated starch in concentrated sul¬ 
furic acid should be conducted at a low temperature and with 
sufficient agitation of the acid so that the product is precipitated 
in a finely granular or flaky condition. 

7. After the majority of the acid has been removed from the 
nitrated product, a preliminary acid boil, as in the stabilization 
of cellulose should be resorted to. 

8. The defects which heretofore have been encountered in 
attempts to utilize nitrated starch in explosive combinations are 
the deliquescence of the nitrated starch and the instability, to¬ 
gether with the fact of inferiority in percentage of nitrogen. 
However, in the manufacture of pyroxylin solutions for film 
formation, lacquers, bronzing liquids and the preparation of 
thermo-plastic combinations similar to celluloid and the pyrox¬ 
ylin plasties, nitrated starch of acceptable stability has distinct 
advantages over the corresponding nitrocellulose in that the 
fluidity of a given weight of nitrated starch in a simple or mixed 
solvent is much greater and hence the viscosity is less than that 
of a nitrocellulose, both esterified at tht same temperaturg. 
Therefore in all those operations in which the solvent portion is, 
not recovered, the starch nitrates, due to the fact that a larger 
amount of the same may be brought into solution with a decreased 
viscosity, offers advantages over the corresponding nitrated 
cottons or paper. The action of dilute nitric acid on starch has 
recently been exhaustively in«restigated.‘ 

1. O. De C<Bmmck and Raynaud, Rev. gen. Chun. 1911, 14, 109; 
abst. C. A. 1911, 5, 2753; J. C. S. 1911, IM, i,«»7; Chem. Zentr. 1911, t2, 
n. 272; Meyer Jahr. Chem. 1911, 21, 194, 418. A. Doroschewski and A. 



IS36 < TgCHNOLOGV OP' BSl'EiKSi 


According to W. Snelling^ when nitrostarch (containing 
12.8% N) 85 parts is mixed with cold “liquid” trinitrotoluene 15 
parts only slight gelatinizatiqn is effected, the liquid TNT being 
merely spread over the surface of the nitrostareh grafiules. The 
mixture is theK Jieated for about 15 minutes at a temperature of 
about 80'', and is "thus converted into a tough colloidal mass 
which is said to be suitable as a smokeless powder, burning with 
great uniformity and being sufficiently tough to withstand the 
high pressure in guns without breaking up or producing erratic 
ballistic results. 

C. Waller has described a granular uncompre.ssed explosive 
suitable for use in blasting and having good water-resisting 
properties, comprized of nitrostarch 10%, sodium nitrate 73%, 
sulfur 7.5%, charcoal 7.5%, CaCOs and dried starch paste, each 
1%.“ Mononitronaphthalene may be added to the above to 
decrea.se the inflammability.’ The W. Trecse blasting explosive^ 
is composed of nitrostarch 20%, yellow wax 13%, soap stock 7%, 

S 21%, niter 11%,, and potassium chlorate 22%. 

In the preparation of easily combustible paper, ordinary 
paper pulp is beaten with a substantial proportion of nitrostarch 
or nitrocellulose, and the material formed into paper in the usual 
manner. After sizing, it is preferred to add a quantity of insoluble 
calcium or magnesium salts (as the carbonates) which serves to 
increase the combu.stibility, or the paper may be impregnated 
with a nitrate (as NaNOj) for the same purpose. Where extreme 
inflammability is aimed at, the paper may be formed of nitro¬ 
cellulose entirely.’ 

N. Ceipek has described a nitrostarch made by the nitration 

Rakow.ski. J. Russ. Pliys. Chem. Soc. 1907, 39, 427; abat. Chem.* Zentr. 
1907, 78, II, C. A. 1907, 1, 1,542; J. C. S. 1907, 92, i, 678; J. S. C. I. 
1907,26, 11,51; Jahr. Chem. 190^8; II, 947. A. Doroschewski, A. Rakow-** 
.sl« and A. Bardt, J. Rus,s. Phys. Chem. Soc. 1908, 40, 932; abst. C. A. 1909, 

3, 1140; J. C. vS. 1908, 94, i, 767; Chem. Zentr. 1908, 79, II, 1422; Jahr. Chem. 
llK)5-8, II, 947. . 

1. ir. S P. 1305946,1919; abst. C. A. 1919, 13, 2130. U. S. P. 1310969, 
1919; abst, C.,A. 1919, 13, 2450. 

2. U. S, P. 1305845, 1919; abst. C. A. 1919, 13, 2130. 

3. C. Waller, U. S. P. 1305840, 1919; abst. C. A. 1919, 13, 2130; J. S, 

C. I. 1919, 38, 604-A. 

4. U. S. P. 1265975, 1918; abst, J. S. C. I. 1918, 37, 488-A; C. A. 1919, 

12, 1700. • 

5. C. Harrison and W. Bacon. E. P. 124516, 1916; abst. C. A. 1919, 

13, 1929. Nitrostarch is readily distinguished from unnitrated starch by 
moistening the sample with a drop of solution of iodine ip pb^pissium iodide 
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of powdered* turmeric. The coloring matter having previously 
l)cen extracted by boiling water, the starch is dried and nitrated 
in the usual manner.’ To increase the^xplosive power and per¬ 
manence of charging density and a decrease in hygroscopicity, a 
small amount of gelatinized nitrocellulose is recommended to be 
added. 

In the United .States, it is understood that the Ordnance 
Department has adopted starch nitrate in the form of "Trojan 
grenade explosive," “Trojan trench mortar shell explosive,” 
and "grenite,” not as a military or commercial explosive, the 
nearest approach to which is grenite, which is about 9.5% nitro- 
starch with the addition of binding material for facility in granu¬ 
lation. At the time the United States entered the recent war 
there was a marked shortage in TNT owing to insufficient toluene 
supply. As the culmination of a thorough investigation, it was 
determined that certain nitrostarch explosives, properly manu¬ 
factured seemed to be entirely suitable for trench warfare 
purposes, but to ofTer advantages over TNT in a lower in.sen- 
sitiveness to rifle bullet fire, lower friction on impact, and ample 
supply of raw materials. 

The two Trojan explosives, which are nearly the same in 
composition, contain approximately but 40% nitro.starch, the 
remainder being sodium and ammonium nitrates, and smaller 
amounts of materials added for the purpose of increasing stability, 
decreasing sensitiveness, or as antacids. 

In the method of manufacture as carried out in the United 
States during the war, principally com starch was nitrated, 
although it has been claimed tliat the nitration of cassava or 
tapioca starch results in the formation of a nitric ester of slightly 
higher stability. This point, however, is open to question,, 
assuming the same purification treatment for each. The pre¬ 
liminary treatment of the starch for the elimination of impurities 
includes the solvent removal of fats and oil, exhaustive extraction 
with water in order to remove gums, pectin ‘and similar materials, 
followed by careful and thorough drying at low temperatures. 


and examining under the microscope. The unnitrated granules are colored 
deep blue, whereas the nitrostarch granules remain colorless. 

1. E. P. 9743, 1911; abst. J. S. C. I. 1911, 30, 926; Zts. Schiess. Spreng. 
1912, 7, 33. E. P. 13549, 1911; abst. C. A. 1912, 0, 3525, I. S. C, 1. 1911, 
30, 1232, • 
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and disintegration by thorough screening after the mass has cooled. 

In the nitrating process, the dried and cooled starch is slowly 
fed into the acid mixture ifi an iron nitrator provided with efficient 
agitation, and,artificially cooled in order to regulate the tempera¬ 
ture of esterifica1,jon, and to guard against local preheating. The 
nitrated product is separated from the nitrating fluid in the usual 
manner, and washed and treated in general, except for certain 
mechanical changes due to the fine subdivision of the material, 
in a manner analogous to the nitration of cellulose, especially 
after pulping. The final drying u.sually takes place on trays in 
dry houses artificially heated, the temperature of the warm air 
seldom exceeding 3.'j°-40°. The drying operation, and especially 
the handling and transportation of the warm, dry product is the 
most dangerous part of the process, the material in this condition 
being not only highly inflammable, but is capable of being ignited 
from a static charge,,and, of course, when once ignited, it bums 
with explosive violence. 

The incorporation of the dry nitrostarch with the doping or 
filling materials, as the inert portion pf these explosives are usually 
termed, is a simple operation carried out in large revolving mixing 
barrels, each ingredient preferably being previously .separately 
ground to the desired consistence or requisite fineness, and dried 
to the proper moisture content. Such granular explosives as 
grenite, arc usually prepared by spraying a solution of the binding 
material upon the dry nitrostarch, while the latter is being agitated, 
the resulting granules being then dried and screened to desired 
size. 

Nitrostarch—like the corresponding nitrated celluloses— 
preserves the appearance of the original material from which it 
is prepared, and cannot by visual inspection alone, be told from 
the unnitrated product. However, whereas starch is colored 
blue by iodine, nitrostarch is not; and whereas the former is 
gelatinized,by means of hot water, the latter is unaffected; this 
is in addition to combustibility and solubility of the starch nitrates 
in ether-alcohol and in acetone. Nitrostarch, like the parent 
product is insoluble in cold watef, less readily hydrolyzed by 
fungi, and ferments such as amylopsin. The nitrostarch usually 
produced ranges in nitrogen content of 12.5%-12.75%, that 
presejibed for military purposes containing a minimm of 12.8%. 
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The same difftyence is shown in starch and nitrostarch as is 
evident with cotton and nitrocotton, i. e., a reduced capacity for 
the absorption of atmospheric moisture, nijrated starch having a 
“normal hygroscopicity" of but l%-2%, as against about (i',';)- 
10% for untreated starch. * 

It will be remembered that trench grenade and trench mortar 
shell explosives differ greatly in appearance and properties from 
straight starch nitrate, the former being of a gray to black color, 
of the consistency of brown sugar, showing a decided tendency 
to mat and compact upon compres.sion due primarily to the small 
amount of mineral oil incorporated, which while decreasing the 
sensitiveness, at the same time partially counteracts the hydro- 
scopicity of the deliquescent ammonium nitrate and other added 
ingredients. Notwithstanding this coating of water-repellent 
oil, Trojan explosives, when spread out in a thin layer in a damp 
atmosphere, attract moisture with such avidity as to become 
decidedly damp. Under the usual working conditions, however, 
little or no Jlifficulty is experienced in loading explosives of this 
type, and in avoiding the absorption of an undue amount of 
moisture. 

Grenite, which is almost entirely nitrostarch, differs markedly 
in appearance from the Trojan explosives, being in the form of 
small, white, hard granules which run freely without adhering. 
Since it contains no ammonium nitrate, the hygroscopicity is 
low, and there is little or no tendency to ab.sorb moisture when 
placed in a damp atmosphere. 

Pure, dry starch nitrate is more sensitive to impact than 
TNT, but less so than dry guncotton or nitroglyccrol, and is 
readily detonated by a mercury fulminate detonator. Trojan 
explosives and grenite are both less sensitive than pure nitrated 
starch, being required to pass the pendulum friction te.st of the 
U. S. Bureau of Mines, and the rifle bullet test when packed in 
pasteboard containers. In heavy metal containers these explo¬ 
sives frequently ignite, bum when penetrated with a rifl« bullet 
and occasionally explode. 

Trojan explosives are said to be especially insensitive to igni¬ 
tion, being rather difficult to igftite with the flame of a match 
when spread out unconfined. Once ignited, however, it bums 
virflently with j light-colored flame. In general, nitrostarch 
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explosives are readily detonated by a number 0 meijrury fulminate 
detonator containing one grain of mercury fulminate composition, 
this producing complete detonation unless the material has been 
rendered unduly insensitive by the absorption of an excessive 
amount of mgisture, or from other causes. 

An important consideration in the case of military explosives— 
primarily those intended for trench warfare—is their relative 
sensitiveness to explosion by influence, i. e., their susceptibility 
to detonation from the shock of a near by explosion. In this 
respect, it is claimed the Trojan explosives are especially insensitive. 

Coming back once more to the question of nitrostarch stabil¬ 
ity, recent developments in the United .States appear to have led 
to the production of a product which in this respect is highly 
satisfactory, and there is now every reason to believe that the 
nitrostarch explosives mentioned above as having been adopted 
by the Ordnance. Department, possess excellent keeping proper¬ 
ties when properly stored in a dry atmosphere at a reasonable 
temperature. If nitrostrarch powders of this general composition 
are allowed to absorb undue quantities of moisture, especially 
in a warm atmosphere, marked deterioration takes place owing 
to gradual decomposition and disintegration, but this does not re¬ 
sult in a dangerous condition, for coincident with the deterioration is 
a corresponding diminution in explosive strength and sensitiveness. 

When properly compressed, pure nitrostarch is said to 
detonate at probably a rate of not less than 20,000 feet per second. 
With the Trojan explosives, containing only about 25.% nitro¬ 
starch, the rate of detonation is lowered, but the immense gas 
volume and great energy content makes this type of explosive 
quite suitable for trench warfare purposes. Trojan nitrostarch 
explosive has been used as a bursting charge for hand grenades, 
rifle grenades and the Stokes trench mortar shells. Although 
well adapted for the above purposes, it has not begn recommended 
as a bursting charge for high explosive gun shells. Its physical 
consistence is such that it is necessary to load it into grenades 
by means of a .vibrating machine, the explosive being “jarred” 
into the grenade through small funnel openings. Trench mortar 
shells are loaded by hand-stemming, or by means of a screw¬ 
filling machine. 

Grenite has been approved only for. grenades, and is con- 
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sidered too sensitive for use as a trench mortar shell explosive. 
Being granular and “free running.” it is readily loaded into 
grenades through funnel openings, no attempt being made to 
pack it to a higher density. Nitrostarch explosives similar to the 
above have for many years been employed as blasting agents in 
mining, quarrying, and similar engineering operations, and have 
met with considerable success as efficient substitutes for the more 
expensive nitroglycerol explosives, for, unlike the latter, they 
are non-freezing. 

The storage of nitrostarch is mainly a fire risk, i. e., the 
danger accompanying storage is more one of fire than explosion, 
although the fact must not be lost sight of that burning may 
become so energetic and fierce as to be almost explosive. Storage 
magazines are to be kept at as low a temperature as possible, and 
in a reasonably dry atmosphere, on account of the deliquescent 
nature of the ammonium nitrate contained therein. The handling 
of this class of explosives is practically devoid of danger. 

The chemical composition of Trojan explosives and grenite, 
as prescribed by the U. .S. Ordnance Department, is said to be; 


Trojan 

ICxplosivc Grenite 

Nitrostarch . 9.5.i)%-98 2.')% 

Ammonium nitrate ... . 

Sodium nitrate. . 

Charcoal.1 5''j,-2 ■'i^o . 

Heavy hydrocarbons.0 r,%-l r,% 0 7.5%- 2 00% 

Antacid ... .... . t) A'.’vr-l .. 

Di|)henylamine.0 2';i-0 4%, . 

Gum arabic. 0 7!>%-2% 

Moisture. O.-l 2% 0-1 ()% 


The Ordnance Department specifications prescribe the following 
methods for the analysis of Trojan explosive, which are equally 
applicable to other explosives of this general nature: 

(a) Moisture. 'A 5 gm. sample is spread evenly on a 90 mm. 
(3.5’) watch glass, placed in a desiccator over cone. HsSOr for 
48 hours, loss in weight being taken as moisture. Or a vacuum 
desiccator may be used with HjSOi, sp. gr. 1.84, employing a 
vacuum of at least 700 mm. meroury for 48 hours, the vacuum 
being slowly relieved and the loss in weight being taken as mois¬ 
ture. Limit of moisture, 1.2%. 

(b) Ether ExAact. A 10 gm. sample is placed in a Gooclj 
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crucible with thin asbestos mat, and extracted witiff nitfe petroleum 
ether (sp. gr. ().(i4-l).()()) to completion. The drucible is dried 
by means of a stream* of dry air, then dried in a steam oven at 
about .Toss in weight, after deducting the moisture, is 
taken , as heavy hydrocarbon oil present, together with diphenyl- 
amine. 'I'he latter may be estimated by mean# of the Dumas 
method of nitrogen determination. 

(c) Water Extract. The material in the crucible after 
removal of the hydrocarbon oil consists of nitrostarch, sodium 
and ammonium nitrates, charcoal and NaHCOj. Treatment 
with warm distilled water removes all the inorganic salts, which 
can be determined in the aqueous extract by the usual quantita¬ 
tive meth(Kls. After drying at 80° until constant weight, the 
residue in the cnicible consists of nitrostarch and charcoal. 

(d) Sodium Bicarbonate. The aqueous extract is made up 
to a definite volume, and an aliquot portion taken and titrated 
with Al/lO HoSO) using methyl orange as indicator. 

(e) Ammonimn Nitrate. An aliquot portion of the water 
extract is taken, caustic soda added to strong alkalinity, and 
distilling in the usual manner, titrating the distillate with standard 
acid and methyl orange as indicator. 

(f) Sodium Nitrate. An aliquot portion of the aqueous 
extract is acidified with HNOj, ajid the solution evaporated to 
drync.ss in a platinum dish. It is then ignited at a low red heat 
over a suitable flame, using care to avoid loss of contents by 
spirting. The weight is then taken and a correction made for 
the amount of .sodium bicarbonate present, and the results re¬ 
garded as sodium nitrate present, following this, prqpedure 
the ammonium nitrate would be taken by difference, in order 
to obviate the determination of ammonia. 

(g) Charcoal. The residue in the Gooch crucible after the 
water extraction consists of nitrostarch and cHarcoal. Therfnk- 
terial is best extracted in a Wiley extractor with warm acetone 
until no further soluble material is obtained. Dry the crucible 
and contents at not to exceed 100°. The weight of the charcoal 
is taken as the increase in the weight of the crucible over its 
original empty weight. 

(h) Nitrostarch. The difference between the sum of nitro- 
starch and charcoal content as determined in to), and the per- 
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centage of charcoal as found by (g), represents the nitrostarch 
present. 

The analysis of grenite is carried out in a similar manner, 
the ether extraction removing the oil, the water wJtraction dis¬ 
solving the gum arabic, and leaving nitrostarch as the residue. 

Nitrates of the Carbohydrates. After Braeonnot had 
announced his discovery of the formation of a combustible and 
explosive body from the action of nitric acid upon starch, carbo¬ 
hydrates, and especially the sugars were extensivelv investigated 
by the earlier chemists because these nitrated products could 
conveniently be crystallized or otherwise purified and their 
composition arrived at with more definiteness than with the 
corresponding analogous colloidal celluloses or starches. 

I,. vSvanberg and Staaf' have nitrated licorice sugar and 
superficially examined the chemical composition of the nitro- 
glycyrrhizin thus produced. H. Hlasiwctz and I,. Pfaundler^ 
in 1S(>4 published their results upon the nitration of dulcitc and 
isodulcitc, the latter being described as a hard, w'hite mass, insoluble 
in water, readily soluble in alcohol, difficultly crystallizable, 
melting below lOO” and detonating weakly on percussion, b. 
Svanberg and Staaf* and O. CA* described botlies obtained by the 
nitration of lactose. Gd obtained a lactosc-pentanitrate in the 
form of transparent plates when deposited from alcohol, which 
melted at i;5i).2°, decomposed at !t()° and exploded at l.')5..o°; 
sp. gr. at zero, 1.084; soluble in 0.9 parts boiling and Oil.S parts 
cold ethyl alcohol; insoluble in water. A lactose trinitrate was 
also obtained as a gummy mass melting at :50.8°, detonating at 
110°, sp.»gr. at zero 1.479.* 

H. Vohl in his work on inosite* and on nitroinositc,* dis- 

I. Oefvers. af K. Acad. Vet. Forhaiidl. 5, 4, alxst. Berz. Tahr. Chem. a 
1849, 28, .881, 

2. Ann. 127, ,862; abst. Chem Centr. 1804, 15, 48.8; Wien 

Akad Ber. 48, II, 19; Bull. Soc. Chim, 1804, 1, 204; Jahr. Chem. 1803, 16, 
.880; J. prakt, Chem, 186.8, 90, 452, Zta. Chem 1888, 6 , 604, 

3. Oefvers. af K. Acad. Vet. Korhandl. 4, 171, abst. Berz jShr Chem. 
1849, 28, 360. 

4. Jour. Russ, Phys. Chem. Soc. 1882, 14, 2.53; abst. Jahr. Chem. 

1882, 35, 1121; Ber. 1882, 15, 2238; Chem. Centr, 1882, 51, 707; Bull. Soc, 
Chim. IW, 38, 138. * 

6. See also the nitrolactose or nitrolactinc of M, .SjOberg. F. P. 
192683,1888; abst. Mon. Set. 1889, 31, 033. The explosive of H. KOlf (E, P. 
8811, 1890; abst. J. S. C. I. 1891,10, ,573) comprized a smokeless gunpowder 
made from a carlijhydrate incorporated with a dinitrocompound. 

6. Ann. 1856, 99, 125; abst. J. prakt, Chem. 1^, 69, 299; Ann. Chim. 
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solved iaosite in concentrated nitric acid as long’as any passed 
in solution, the nitrocomjpound being then precipitated by means 
of concentrated sulfuric acid; crystallizes from alcohol in anhy¬ 
drous rhomlfehedras, is insoluble in water but readily soluble 
in ether, chloroform, ethyl acetate, amyl acetate jnd acetylene 
tetrachloride. When recrystallized from alcohol a crystalline 
ma-ss was obtained, depositing without water of crystallization, 
which sublimes without residue and detonates by percussion. 

In endeavoring to determine the probable instability of 
cellulose nitrate, the following summary, as condensed by C. 
Cross and E. Bevan,‘ represents the more important results;^ 

Monoses. The aldoses are fully esterified, in the pentoses 
40H, in the hcxoscs 50H groups reacting. The pentose nitrates 
are comparatively stable at 50°; the hexose nitrates on the other 
hand are extremely unstable, showing a lo.ss of weight of 30%- 
40% when kept twenty-hour hours at this temperature. 

“Xylose is differentiated by tending to pass into an anhydride 
form (CeHioOs)!! — HjQ under this esterification. When treated in 
fact with the mixed acids, instead of by the process u.sually 
adopted by the authors of solution in nitric acid and subsequent 
addition of the sulfuric acid, it is converted into the dinitrate 
C5 H,Oj.(NO,)2. 

"Ketoses (Ce). These are sharply differentiated from the 
corresponding aldoses by giving Irfnitrates C 6 H 702 (N 0 ,i)j instead 
of peiUanitrates, the remaining OH groups probably undergoing 

Phys. 1850, 48, 380; Arch. ph. nat. 3J, 153; Jahr. Chem. 1856, 9, 66(1. Her. 
1874, 7, 106; Amer. Chemist, 1874, 4, 165, 470; J. C. S. 1874, 27, 463; Jahr. 
rein Chem. 1874,2,175; Rev. Sci. 1874,3,1216. In the process for the manu¬ 
facture of envelopes for storage batteries as disclosed by E. .Sperry \'U. S. P. 
723329, 1903; abst. J. S. C. I. 1903, 22, 500; J. A. C. S. 1903, 25R, 494) 
vegetable fiber is prepared to form a fabric for cnveloiies for storage batteries 
by first removing the oily and starchy matter from the fiber, drying and ni¬ 
trating in such a manner as to nitrate the carbohydrates, using for this pur¬ 
pose a mixture of 113.5 parts nitric acid (sp. gr. 1.42) and .<50 parts sulfuric 
acid (sp. gr. 1.84) at a maximum temperature of 78° F. After nitration tlft 
fabric is washed and treated with nitrobenzene. 

7. Ann. 1858, 105,. 330; abst. J. prakt. Chem. 18.58, 75, 125; Chem. 
Centr. 1858, 29, 446; Jahr. Chem. 1&58, 11, 489. 

For nitrated dambonite, see P. Champion, Compt. rend. 1871, 73, 
114; J. C. S. 1871, 24, 811; Zts. Chem. 1871, 14, 348; Bull. Soc. Chim. 1871, 
18, 301; Jahr. Chem. 1871, 24, 800. • 

1. "Researches on Cellulose," 1895-1900, p. 42. 

2. See also C. Cross, E. Bevan and Jenks, Ber. 1901, 34, 2496; abst. 
Chem. News. 1901, 84, 61; J. C. S. 1901, 80, i, 672; J. S. C. I. 1901, 20, 1133; 
Bull. Soc. Chim. 1902, 28, 130; Chem. Centr. 1901, 72, II, lJ82; Jahr. Chem. 
1901, $4, 892. 
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internal condensation. The products are, moreover, extremely 
stable. It is also noteworthy that levulose gave this same product, 
the trinitrate of the anhydride (levulosan) by both methods of 
nitration. 

“The Bisaccharides or Biases all give the octonitfates. The 
degree of instability is variable. Cane-sugar gives a very unstable 
nitrate. The lactose nitrate is more stable. Thus at r)0° it loses 
only 0.7% in weight in eight days; at 75° it loses 1% in twenty- 
four hours, but with a rapid increase to 211% in fifty-four hours. 
The maltose octonitrate melts (with decomposition) at a relatively 
high temperature, lC.'l°-lfi4°. At .50°-75° it behaves much 
like the lactose nitrate. 

“Trisaccharidc. Raffinose yielded the product CisHjiOj. 
(NO,),,. 

“Starch yields the hexanitrate (C,,) by both methods of 
nitration. The product has a high melting and dcromposing 
point, viz., 184°, and when thoroughly purified is quite stable. 
It is noted that a yield of 157% of this nitrate was obtained, and 
under identical conditions cellulose yielded 170%. 

“Wood gum, from beech wood, gave a tetranitrate (C,,, 
formula) insoluble in all the usual solvents for this group of esters. 

“The authors point out in conclusion that the conditions of 
instability and decomposition of the nitrates of the mono.setrio.se 
scries arc exactly those noted with the cellulose nitrates as directly 
prepared and freed from residues of the nitrating acids. They 
also lay stress upon the superior stability of the nitrates of the 
anhydrides, especially of the ketoses." 

W. Will and F. Lenze' have investigated the nitric esters of 
bioses, triftses, pentoses and hexoses, all well-characterized carbo¬ 
hydrates, as well as the mono-saccharides (monoses) di-saccha- 
rides (bioses), tri-saccharides (trioses) and poly-saccharides, the 
methods of nitration employed being designed to introduce the 
maximum amount of nitrogen. Starch, wood gum and other 
celluloses were also experimented with in order to obtrfln com¬ 
parable results. In order to throw light on the nature of the by¬ 
products resulting from the nitration of cellulose, they investigated 

1. Ber. 1898, 31, 68; abst. J. C. I. 1898, 74, i, 227; Chem. News. 1898, 
77, 152; J, S. C. 1.1898, 17, 271; BuU. Soc, Chim. 1890, 28, 390; Chem. Centr. 
1898, 89, I, 441; Jahr. Chem. 1898, SL 1307; Wag. Jahr. 1898, 44, 707; Zts. 
ang. Chem. 1898,1), 517, 
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specifically the behavior of various carbohydrates towards a 
mixture of concentrated nitric and sulfuric acid, it .having been 
observed that cellulose is resolved into sugar under the hydro¬ 
lyzing action of dilute acids. The nitrates obtained by this 
means arc feadily oxidized by Kehling’s solution and rotate the 
plane of polarized light. They dissolved in acetone, acetic acid 
and ethyl alcohol but are practically insoluble in water and in 
petroleum, as ^ell as in cold concentrated hydrochloric acid, 
undergoing decomposition in this latter liquid when heated, 
chlorine being liberated. Boiling water gradually decomposes 
them, eliminating oxides of nitrogen with .slow degradation of the 
product. The following bodies were specifically investigated: 

Rhamnose tetranitrate, C«Hs06{N02)4, separates from alcohol 
in colorless, rhombic crystals and melts at Kio", decomposing at 
1110 °; a 2.11 per cent.' solution in methyl alcohol has [a]n = 
— 08.4°. The trinitrate is amorphous, in. pt. around 100°. 
Insoluble in water, soluble in alcohol and ether. 

Arabinose tetranitrate, Cr,H(i0i,(N02)j, is deposited by alcohol 
in monoclinie crystals and melts at 8.5°, decomposing at 120°; 
a freshly prepared 4.4 per cent, solution in alcohol has [oId = 
—101.;i° which drops to —90° after 20 hours. Insoluble in water; 
easily soluble in methyl or ethyl plcohol, acetic acid or acetone. 

Xylose anhydride dinitrate, C6H604(N02)2, crystallizes from 
alcohol in spherical aggregates and melts at 75°-80°. /-Xylose 
tetranitrate, crystals, m. pt. 141°. 

Glucose pentanitrate, CdlTOsCNOj)^, is an amorphous powder 
which melts at 10°, decomposing at 135°; it dissolves very readily 
in alcohol and is insoluble in water and petroleum. In a 6 per 
cent, alcoholic solution, it has lah, = 98.7°; it reduces Fehling's 
solution when heated with it. 

Galactose pentanitrate, CjHj()6(N02)5, occurs in two forms. 

1. A rhamnose (i.soihilcit, rlmmiiodulcit, hcspcriclin sugar) trinitrate, 
amorphous, has been described by H. Hlasiwetz and 'L. Pfaundler, Ann. 
18«3, 127, ;i64; abst Chem. Centr. 1804, 35, 55, 46:1; Wien. Akad. Ber?«, 
II, 19; Bull. Soc. Chim. 1864, 1, 204; Jahr. Chem. 1863, IS, 585; J. prakt. 
Chem. 1863, 90, 452; Zts. Chem. 1863, 6, 604. W. Stone (Amer. Chem. J. 
1896, IS, 6M) and G. Chavanne (Compt. rend. 1902, 134, 661) have de- 
seribed arabinose tctracctate. 

Nitromannite has been investigated by Tischanowitz (Jahr. Chem. 
1864, 17, 583); SokoloB (Bull. Soc. Chim. 1882, (2), 38, 138); Strecker (Ann. 
1850, 73, 59); Ann. Chim. Phys. 1875,(5), 5, 125); Kachler (Ber. 1886, 
19R, 748); Busolt (Jahr. f. I.andw. 1913, 159); and M. Berthelot (Bull. Soc. 
Chim. 1885, (2), 43, 538), 
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The a-modification dissolves less readily in alcohol, from which 
it crystallizes in slender, transparent needles, and melts at 115°- 
116°, decomposing at 126°; a 4 per cent, solution in alcohol has 
[oId = 124.7°. The /3-compound crj^tallizes in monoclinic 
needles, melts at 72°-73°, and decomposes at 126°; a 6.7 per 
cent, solution in alcohol has [a]n = —57°. 

Mannose pentanitrate crystallizes from absolute alcohol in 
transparent, rhombic needes, melts at 81°-S2°, and decomposes 
at 124°; a 5 per cent, solution has [a]n = 93.3°. 

Levulosan trinitrate, C*Hj06(N0j)j, is produced in two 
distinct forms. The a-modi6cation crystallizes from alcohol in 
lustrous needles, melts at 137°-139°, and decomposes at 145°; 
a 1 per cent, solution in methyl alcohol has [a)p = +62°. 
The /3-compound crystallizes in spherical aggregates, melts at 
48°-52°, and decomposes at 135°; a 5 per cent, solution in alcohol 
has !«]„ = 20°. 

.Sorbinosan trinitrate, CiiH 705 (N 02 ).i, melts indefinitely at 
40°-45°. 

a-Clucoheptosc hexanitrate, C 7 HsOj{N() 2 ) 8 , crystallizes from 
alcohol in transparent needles and melts at 100°; a 3.4 per cent, 
solution in alcohol has (ajo = +104.8°. 

o-Methylglucoside tetranitrate, C 7 Hio()«(NOs) 4 , crystallizes 
from alcohol in lustrous, quadratic plates, melts at 49°-50°, and 
decomposes at 135°; a 6.2 per cent, .solution in alcohol has [aJo = 
140°. 

Methyl-d-mannoside tetranitrate crystallizes from alcohol 
in slender needles resembling asbe.stos and melts at 36°; a 2.5 
per cent, solution in alcohol has (a]p = 77°. 

Saccharose octonitrate, Ci 2 Hi 40 ii(N() 2 ) 8 , crystallizes in spheri¬ 
cal aggregates, melts at 28°-29° and decomposes at 1.35°; a 3.4 
per cent, solution in alcohol has [alo = 52.2°. , 

Lactose octonitrate, Ci 2 Hi 40 ii(N 02 ) 8 , crystallizes from alco¬ 
hol in leaflets'and melts at 145°-146°; a 2.8 per cent, solution 
in methyl alcohol has [aJo = 74.2°. This compoupd' closely 
resembles the pentanitrate described by Gflis.' The hexanitrate 
melts at 81 °. 

Maltose octonitrate, Ci2H*i0ii(N02)8, crystallizes from alcohol 

1. J. Russ. Phys. Chem. Soc. 1882, 14, I, 253; abst. Ber. 1882, IS, 
2238-R. 
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in lustrous needles and melts and decomposes at 163°-164°; 
a 3.5 per cent, solution in glacial acetic acid has [ajo = 128.6°. 

Trehalose octonitrate crystallizes from alcohol in nacreous 
leaflets, melts at 124°, and decomposes at 1.36°; a 4 per cent, 
solution in glaqal acetic acid has fa]i, = 173.8°. 

Raffinose imdecanitrate, Ci8H2i0i(i(N02)u, sej)aratcs from 
alcohol in amorphous, spherical aggregates, melts indefinitely at 
55°-66°, and decomposes at 130°; a 3.0 per cent, solution in 
alcohol has [aJt) = 4-94.9°. 

6-Glucosan trinitrate, CiiH7C)3(N02)3, cry.stallizcs from alcohol 
in lustrous needles and melts at 101°; a 2.4 per cent, solution in 
alcohol has [ajc = 01.4°. 

A hexanitro-dcrivative of starch, Ci 2 lIi 40 io(N 02 )o, is an 
amorphous powder which decomposes at 194° without previously 
melting.* 

Wood gum also yields a nitro-derivative.” 

R. Kandler** has proposed as an explosive a combination of 
sodium or potassium nitrate with a nitro-carbohydrate and a 
nitro-hydrocarbon, th^ former being incor^jorated in the mixture 
in the form of an alcoholic .solution and the nitro-hydrocarbon 
dissolved in water. 

The explosive composition as proposed by H. Hibbcrt* 

1. O. Mlihlhause’r, Diuxl. Poly. 1802. 284, 187; abst. J. C. 8. 180.3, 
*4, i, 6; Jahr. Chem. 1802, 45, 2732; WaK. Jalir. tS02, 38, 374; Chem Tech. 
Rep. 1892, 32, I, 223; Meyer Jahr. Chem. 1802, 2, 3(14; Tech. Chem. J.ahr 
1892-1893, 1$, 174. For (/-fructose pciitanitrate, see W Will and F. Lonze, 
Ber. 1898, 3;L (18. E. Berl ami W. Smith, J. ,S. C. I. 1908, 27, .334; Chem. 
Zentr. 1908, /8, II, 089; the (f-fructosc trinitrate melts at 13,5'’-139°. 

2. R. Bader, Chem. Ztx- 189,0, 19, 55, 78; ahst. J. C S. 1896, 70, 1. ,3.35; 
Ber. 1895, 28, 427-R; Chem. Centr. 1896, 68, I, 373; Jahr. Chem, 1895, 48, 
1297. 

3. E. P. 20799, 1900; ahst. J. S. C. I. 1901, 19, 1240 Other.nitrates 
which have been more or less imperfectly described, are: qnercin {qncrcinit. 
cocosit, scyllit) nitrate, rhombohedric crystals, (f-lnosit-methyl ether (pinit, 
Viatezit, sennit, cathartomannitc) pentanitrate, amorphous. Dimcthyl- 
inosite (dambonit), nitrate explosive (A. Girard, Conipt. rend. 1871, 73, 
426; Zts. Chem. 1871, .335). f-Inosit (phaseomannit, nu(;it), hexanitratc, 
(H. Vohl, Ber. 1874, 7, 106). d-Quercit (cyclite) pentanitrate (V. Dess.aignc#, 
Compt. rend. 1851, 33, 462. F. Horaann, Ann. i878, 190, 282), amorphous. 
Volemit giv* an oily nitrate (E. Bourquelot, J. Pharm. (6). 2, 385; Zts. 
d. Ver. 1895, II, 953). ‘Mannoheptit heptanitrate, needles, m. pt. 138°, 
Styracit tetranitrate, explosive. Dulcit (melampyrit. dulcin. dulcose) 
nitrate. (C. Vincent and Delachanal, Compt. rend. 1889, 108, 354); dulcit 
hexanitratc (A. Bechamp, Compt. rend. C860, 51, 257), needles, m. pt. 08- 
72°. Arabite (pentite, lyxit) pentanitrate, syrup (L. Vignon and F. Gerin, 
Bull. Soc. Chim. 1902, 27, 30). Levulin (laevosin, secalin, secalose) nitrate, 
colorless crystals. Trehelose (mycose) octonitrate, leaves, m. pt. 124°. 

4. ^ U. S. P. 1231351. 1917; abst. J. S. C. I. 1917, 38, 983; C. A. 1917, 
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embraces the solution of a carbohydrate in a mixture of 1.2- 
glycols, containing, etliylene, propylene,, and butylene glycols 
and polyglycols, nitrating the resulting solution to produce a 
mixture of nitro-carbohydratc, nitrated 1.2-glycols and nitrated 
polyglycols. 

In endeavors to nitrate the natural occurring gums into prod¬ 
ucts of commercial utility P. Champion' nitrated the Damlionit, 
which is a saccharine substance, isolated by A. Girard from 
Gambon rubber," and found the nitroproduct obtained readily 
crystallizable from hot alcohol, insoluble in water and detonating 
on precussion. Pambose show's the same behavior and also 
gives a nitro-compound, crystallizing from alcohol which explodes 
with still greater force than the dambon nitrate and like nitro- 
dulcitc decomposes lielow 100°, evolving yellow vapors. 

\V. Will and 1'. I.enze’ prepared wood gum nitrate with 12.91 
per cent. N, obtaining it in the form of an almost colorless, corne¬ 
ous mass, which was found to be insoluble in acetone and acetic 
ester. 

Nitrosaccharose (Nitrosugar, Nitrofulmin, Fulminating sugar, 
Glucodine). L. Svanberg,' H. Reinsch," If. Vohl,® A. Sobrero," 


11, 2407; Mon Sci. 1018, 85, 8.4. In the process of O. Anchors (U. S. P. 

I. 12il.4.j.4, li)20, ,'ihst J S. C. I. 1020, 39, 24i)-A) carbohydrates arc pulled, 
then nitraled, and the products are treated with .salts of fatty acids. 

1 Compt rend 1871, 73, 114; abst Zts. Ghent. 1871, 14, 848; Bull. 
Soc Chiin. 1871, IS, 301; Jahr. Chetn. 1871, 24, 8(KI; Ainer, Chemist, 1871, 
2, 311. 

2 Conipt rend. 1868, 67, 820; abst. Jahr. Client. 1868, 21, 771; Zts. 
Cheni 1868, 11, 66, J. prakt. Chem. 1869, 107, 266; Bull. Soc. Chira. 1869, 

II, 498. 

3 Her 1898, 31, 89; J. C. S. 1898, 74, i, 227; Chem. News, 1898, 


77, 1.52. • 

4. Ofvers. K Vet. Acad. Korhandl. 1847. 4, .51, 214; abst. Berz. Jahr. 
Chetn 1848, 27, 389; Chem. Cciitr. 1848, 19, 702. Skand. Naturf. Fdrhandl. 
1.848,5,337, .Sec also L Thomp.son, Pharm. Trans. 8, 166; J. pharm. 1848, 
13, 103: J. Chem. .Med, (3), 5, 69, 180; Jahr. Chem, 1847-8, 1, 1146, C. 
Schoenbein, Pot;g. 4nn. 1847, 70, 100. H. Rcinsch, J. prakt. Chem. 1849, 
47, 477. H. Vohl, Ann. 1849, 70, 360. A. and W. Knop, J. prakt. Chem, 
18.52, 56, 334. 

5. Jahr. f. pract. Pharm. 18, 102; abst. Berz.Jahr. Chem. 1851, 30, 
170. C. Dittmar (U. S. P. 252600, 1882) has described an explosive com- 
lound consisting in the formation of chlomitrosaccharose by dissolving cane 
lugar or sucrose in chlorhydrin, and then converging into a nitro compound 
jy nitric and sulfuric acids. The pitidnct requires a strong exploding-cap 
or detonation. When combined with nitrocellulose, no exploding-cap is 


aid to be required. „ 

6. Ann. 1849, 70, 360; abst. Jahr. Chem. 1849, 470; Ann. 1858, US, 
130; abst. J. prakt? Chem. 1858, 75, 126; Chem. Centr. 1858, 29, 446; Jahr. 
'hem. 1858, 11, 489. See also G. Gelis (J. Russ. Phys. Chem. Soc. 1»2, 
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A. and W. Knop* and C. Schonbein,' are amon^ the earlier in¬ 
vestigators who have studied this substance and suggested techni¬ 
cal uses for it, but such suggestions have, as yet, met but very 
little successT • 

In 1892 a careful investigation of nitrosacchjrose was made 
by A. Elliot® who prepared this body by acting upon 95 gms. of 
sugar with 800-gms. of sulfuric acid, sp. gr. 1.84 and 300 gms. 
of nitric acid, sp. gr. 1.53, the whole being cooled after the sugar 
has been added to the acid mixture. After the balance of the 
sugar has been incorporated, the completed mixture is allowed 
to stand an hour with frequent stirring, after which the acids 
are poured off from the nitrosaccharose and the latter washed 
and thoroughly kneaded with water, weight 135 gms. Upon 
.standing with water the nitrosaccharose becomes slightly acid 
and gave an odor smelling faintly of hydrocyanic acid. Elliot 
made the following observations on the reaction of solvents on the 
nitrosaccharose prepared by him: Insoluble in cold, and soluble 
in hot water; soluble in both cold and hot absolute alcohol and 
in alcohol of 93%; slightly dissolved in 80% cold alcohol; readily 
so in hot 80% or 50% alcohol; soluble in both cold and hot ether, 
chloroform, sulfuric acid of 1.84 sp..gr., acetic acid, wood naphtha, 
nitrobenzene, concentrated nitric acid, ethyl acetate and acetone; 
insoluble in cold and soluble in hot benzene, amyl alcohol, phenol, 
toluol, olive oil, sperm oil, glycerol and hydrochloric acid; insolu¬ 
ble in cold and hot carbon bisulphide, turpentine, petroleum, 
naphtha of 71 B^., Astral oil and mineral oils; readily decom¬ 

posed by stannous chloride, ferrous sulfate, ferric chloride and 
14, I, 253; abst. Bcr. 1882, IS, 2238), who obtained two lactose nitrates, 
one supposedly a penta- and the other a trinitrate. Lambotte (F. P. 152285, 
1882; abst. Mon. Sci. 1883, 25, 817) nitrates cane sugar, then combines with 
carbon bisulfide, lead oxide, sawdust and barium sulfate, in the preparation 
of an explo.sive. 

7. Compt. rend. 1847, 24, 247; abst. Berz. Jahr. 1849, 28, 358; Jahr. 
Chem. 1847-41,1, 1145. . » 

1. J, prakt. Chem. 1852, S$, 334; abst. Jahr. Chem. 1852, S, 657; 
Chem. Centr. 1852, 23,, 129, 423. In E. P. 20467, 1893 (abst. J. S. C. I. 
1893, 12, 973; 1894, 13, 1010), A. Nobel has deseribed the properties of an 
explosive composed of nitrocellulose dissolved or incorporated with a mixture 
of nitrosugar, nitroglycerol, mononitronaphthalene, dinitrobenzene, di- or 
trinitrotoluene, potassium chromate, afid potassium ferrocyanide, designed 
as a blasting or mining fuse. 

2. Pogg. Ann. 1847, 70, 100; abst. Berz. Jahr. 1849, 28, 358; Jahr. 
Chem. 1847-8,1, 1146. 

3. J. A. C. S. 1882, 4, 147; abst. Proc. U. S. Naval Inst, 1882, 8, 449; 
Chem. Tech. Mitth. 1882-3, 32, 96. 
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ammonium ■■-sulfide. He found that ferrous chloride in the 
presence of hydrochloric acid reduces nitrosaccharose and con¬ 
verts the sugar into glucose; that ammanitim sulfliydrate reduces 
nitrosaccharose ■without converting the sugar, or jnly to a very 
slight extent. A. Elliot’ gives the true formula for nitrosaccharose 
as C| 2 Hi((O.NO!) 80 s or an octonitrate, thus coming into the same 
class of organic nitrates as nitrocellulose and nitroglycerol. 

The year previously, J. Bonneville- obtained provisional 
protection only for a process in which vegetable fiber is first 
steeped in a hot solution of sugar and after drying is nitrated in 
the usual manner, this co-nitration of fiber and sugar being in¬ 
tended primarily for use as varnish when dissolved in hot acetic 
acid or methylated spirit. 

'I'he "Explosive Resin” patented by Pcllier’ was composed 
of nitrated cane or beet sugar combined with lime and then 
treated with dilute or concentrated hydrochloric acid, the resul¬ 
tant product being described as a yellowish explosive powder. 

r.ewin’ has patented an explosive combination to which the 
name .Sandholite was bestowed and composed of nitroglycerol, nitro¬ 
cellulose, nitro.saccharose, rye meal, stxiium nitrate and paraffin, 

The “Kolf Smokeless Powder,”^ under which application 
was made in England for license under the name Kolf's Bia.sting 
Powder, is said to have the following composition: Nitrocarbon 
(perhaps nitrohydrocarbon) .)()%; nitrosiigar nitroglycerol 
S%; .saltpeter 2%; aniline (as a stabilizer) 2%. 

In 1S9S, W. Will and F. Lenze,’’ re-investigated nitrosac. 

1. J A. C. S. 1882, 4, 186; abst Proc. U. S. Naval Inst. S, 44(1; Chem. 
Tech Mitth. 1882-3, 32, 96. 

2. * E P. 814, 1881; abst. Chem. Ind. 1881. 4, 139. 

3. F. P. 18055.5, 1886; abst. Mon. Sci. 1888, 31, li:t. The explosive 

"Petragit" proposed by Doutrclcpoiit and .Schreiber consists of nitro¬ 
.saccharose, 38.6%; nitrolignin, 5%; and potassium nitrate, 56.4%. v 

4 F. P. 18,5956, 1887, abst. Mon. Sci. 1888, 32, 883. His product 
was called "Sasdholite." Compare A. Cocking and Kynoch, Ltd., E. P. 
2836, 17221, 1911; abst. C. A. 1912, 8, 1992; 1913, 7, 417; J. S. C. I. 1912, 
31, 303, 954; Chem. Ztg. Rep. 1912, 18, 382; Zts. Schiess. Spreng, 1912, 7, 
269, 332, who co-nitrate sugar and glycerol. 

6. H. Kolf, E. P. 8811, 1890; abst. J. S. t I. 1891, 18, 673 ; 22739, 
1892; abst. J. S. C. I. 1803, 12, 1057. Cf. Nitrosaccharine, Phot. Corr. 
1866, 1, 185. D. R. P. 62169; abst. Wag. Jahr. 1892, 38, 377; Zts. ang. 
Chem. 1892, 5, 435; Ber. 1892, M.^ll-R; Mon. Sci. 1892, 38, 288. D. R. P. 
66786; abst. Zts. ang. Chem. 1891, 4, 306; Jahr. Chem. 1891, 44, 2667; Wag. 
Jahr, 1891, 37, 434; Ber. 1891, 24, 1005-R. 

6. Ber. 1898, 31, 81; abst. J. C. S. 1898, 74, i, 227; Jahr. Chem, 1898, 
51,1307. • 
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charose and obtained a colorless resin-like mass of bw stability 
and melting at 30°, decomposing at 135° and contapbig 15.79% 
nitrogen. The theory called for 15.95% nitrogen for an octo- 
nitrate. 

The explosive "Glukodine” is a whitish liquid produced by 
the nitration of a saturated solution of cane sugar, in glycerol. 
Free sugar di.ssolves in it and in turn it is entirely soluble in ether. 
Two varieties of Glukodine powder are made, white and black. 
Samples of both analyzed are said to have shown the following 


compo.sition: 

White Black 

Matter soluble in ctlicr (Glukodine). .'16.4% 34.24% 

free Sugar. 8 4% 8.76% 

Sodium Salts (mostly scKlium nitrate) ... .31 2% 37 84% 

Nitrocellulose.. 23 36% . 

Nitrocellulose and charcoal. 19 31% 


Another analysis of the same sample showed that the Glukodine 
in the white powder consisbal of 33.19% of nitroglycerol to 3.21 
parts of nitrosaccharose, and in the black powder of 30.23 and 
4.03 parts of tlic same ingredients respectively. Subsequent 
experiments appeared to show that Glukodine was merely a 
mechanical mixture of these ingredients as the nitroglycerol 
can readily be evaporated from the nitrosaccharose. 

Comparatively recently,* C. Woodbury has patented an 
explosive formed of nitrated sugar 4%, nftroglycerol 30%, tri¬ 
nitrotoluene ’ 10%, sodium nitrate 42%, wood meal 13% and 
chalk 1%,, the nitrated sugar lieing incorijorated in order to give 
the mixture a low freezing point. 

The explosive of A. Comey'* contains a stabilized mixture of 
nitrated cane sugar and trinitroglyccrol. , • . 

K. Hoffmann and V. Hawse have shown’ that nitration of 
■sucrose in the cold by sulfuric and nitric acids yields a mixed 
product, and evaporation of the alcoholic solution of the latter 
at the ordinary temperature gives sucrose octonitrate, CijHi 403 -» 
(NOj)8 , m. pt. 85.5°. This compound shows normal cryoscopic 
behavior in nitrobenzene, and no sign of decomposition when 

1. U. S. P. 1140487, 191.5; abst. C. A. 191,5, 9, 717, 2710; Chem. Ztg. 
1916, 40, 242; Mon. Sei. 1916, 03, 73. 

2. U. S. P. 1.30110.5, 1919; abst. J. S. C, I. 1919, 38, 5.55-A; C, A. 1919, 
13, 1930. The C. Woodbury explosive (Can. P. 167827) comprizes nitro- 
iugar, nitroglycerol and a iiitro derivative of a hydrocarbon, as TNT. 

3. J. A. C. S. 1919, 41, 235; abst. J. C. S. 1919, US, i, 148; C. A. 1919, 
13, 18.5W 
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gradually heated from 33° to 87° in 2 hours. In explosive mix¬ 
tures, sucrose nitrate may be estimated by means of its rotary 
power (-b50.05° at 20°), and nitrogen cqntcnt {1,).95%). Wlien 
purified, sucrose octonitrate appears as well-defined crystals of 
the orthorhombic or monoclinic systems, and is very stable. 

Whereas the earlier described nitrated sugars were of little 
practical value as explosives on account of their extreme sensi¬ 
tiveness and liability to spontaneous decomposition and were 
used but to a limited extent as a constituent of low-freezing dyna¬ 
mites, the recent methods of purification which have Ix^en worked 
out for this class of bodies, has augmented their stability to a 
great degree, .so that at pre.scnt, it would appear their field of use¬ 
fulness in conjunction with other nitrated esters is of a pennanent 
nature. 

Nitrodextrin (Nitrodextrose). In 1881 G. Dean' described 
his method for the manufacture of ‘‘nitrodextrin" which was 
to be combined with nitroglycerol for use in blasting. He advo¬ 
cates bleached cotton rags as preferable for use as the raw material 
for the manufacture of nitrodextrin but he claims to have ob¬ 
tained good results by means of unbleached cotton, hemp, and 
wood which has Ixhcn bleached. The rags are heated with dilute 
sulfuric, nitric, or hydrochloric acids to hydrolyze them, or with a 
mixture of two or more of these acids, and as the rags liccomc 
tender they are removed, washed with water or weak alkaline 
solutions until the acid is entirely removed and then nitrated in 
the usual manner. The mixture of acids in nitrodextrin is drained 
off into water which is agitated and beaten up while the acid is 
falling into it, the nitrodextrin separated may tlien be removed, 
and wasHed. 

Dean’s explosive comprized nitrocellulose or nitrodextrin 
or both 10 parts, water 2 or 3 parts and nitroglycerol 100 parts, 
the idea being tf> make the latter safer to handle and transport 
by forming a pasty mass in the above manner. 

A. Nobel,’ in the preparation of explosives capable*of being 

1. E. P. 2226, 1881; abst Chem. Ind. 1881, 4, 211. U. S. P. 242893, 
1881. Can. P. 15565, 1882. F. P. 142995, 1881. Mon, Sci. 1882, 24, 
544, 7.30; Jahr. Chem. 1882, 3S, 141». C. Bichel (E. P. 15528. 1885; abst. 
J. S. C. 1.1886,5,457) has described an explosive made by distilling a hydro¬ 
carbon with sulfur, the liquid product thus obtained being combined with 
nitrodextrin. 

2. E. P. 6580,1888; abst. J. S. C. I. 1888, 7,416. F. P. 212650, 1891. 



TBCHNOWGY oP CPXIULOSS ESTERS 


im 


granulated and used in place of gunpowder, combined nitrated 
starch and nitrated dextrin together or separately with nitro¬ 
cellulose. 

C. Lundholm and J. Sayers' evolved an explosive combina¬ 
tion of nitrobenzene, nitrotoluene, nitronaphthalene and nitro- 
phenol, together with nitrodextrin, using a mixture of camphor 
and acetin as the solvent or gelatinizing body. 

Nitrodextrin (dextrin nitrate) is soluble in 90% alcohol.'^ 

Nitroglucose. Nitroglucose has been proposed frorn time 
to time as a useful ingredient in explosive combinations but so 
far has proven of little, if any, commercial value due to the lack 
of uniformity and instability of the product. 

F. KeiF patented a combination of nitroglucose, potassium 
nitrate, potassium chlorate and prepared vegetable fiber and C. 
Bjbrkman^ co-nitrated glycerol and glucose and combined the 
entire body thus formed with combustible bodies containing 
oxygen in .such proportions that a powder of definite disruptive 
power would result, but his product seems to have found no per¬ 
manent commercial-application. 

In the early days of the pyroxylin plastic industry when 
Hyatt and his co-workers on the one hand and Daniel Spill and 
his associates on the other were vainly endeavoring to incorporate 
with nitrocellulose some body or combination of bodies, either 
fluid or solid, to impart the de.sired thermoplasticity, C. Seeley* 

The Societe Anonyme dc la Poudrerie de Casteau have described (Belg. P 
ItUbill, 1899) a powder under the name of 'Ttxplosif de Casteau No. 1” 
composed of I part of resin, and S parts nitrodextrin. 

1. U, vS P. 438816,1890;abst. J A. C. S. 1890, 12, 418; E. P. 6448,1892; 
abst Zts, ang, Chem. 1893, 6, 51; Wag. Jahr. 1893, 39, 428. Sec also E. P. 
185179, 186801; abst. Mon. Sci. 1888, 31, 756, 883. Defraiteur, K. P. 282135, 
282136, 1899; abst Mon. Sci. 1899, SS, 187. * 

2. A. Becharap, Compt. rend. 1881, SI, 2,55; Rep Chim. Pure, 1860, 
2, 478, J. Pharm Chim. 1860; 38, 259; abst. Jahr. Chem. 1860, 13, ,521. 

3. U. S. P. 238916, 1881; abst. J. A. C. S. 1881, 3, 67; Chem. Ind. 
1881, 4, 180. Cf. E. Bjorlcman, E. P. 2459, 1875; abst. Deut. Industrie Ztg. 
1876, 58; Chem Tech Rep, 1875, 14, 11, 216. U. S. P. 177988, 1876. . ' 

4. E. P, 2483, 1880; abst. J. A. C. S. 1882, 4, 41; Wag. Jahr. 18^, 27, 
330; Chem.‘lnd. 1881, 4, 65, 207; Ber. 1881, 14, 1426; J. S. C. I. 1882, 1, 382. 
For glucose dinitrate, sec E. Berl and W. Smith, J. S. C, I. 1908, 27, 534; 
Chem. Zentr. 1908, 79, II, 687. Glucose pentanitrate is described by W. Will 
and F. Lenze, Ber. 1898, 31, 08. 

5. U. S. P. 79261, 18^. See alsy E. Worden, "Nitrocellulose Indus¬ 
try," 1911,2, 575. For industrial possibilities of nitroglucose, refer to Bonne- 
viUc, F. P. 141285, 1881; abst. Mon. Sci. 1882, 24, 730. The Commercial 
Research Corporation (F. P. 404441,1917) have described explosive combina¬ 
tions of nitrated monoses, bioses and polyoses with polyglyools also nitrated. 
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made the suggestion and his idea was incorporated in patent 
form, that nitroglucose be used in conjunction with nitrocellulose, 
because the former was non-inflammable, .would not turn rancid 
and would produce a flexible compound. \Vliile it is true that 
the addition of nitroglucose to nitrocellulose materially induces 
flexibility, the explosive nature of nitroglucose was such that no 
one cared to try the experiment. 

"Ammonium Nitrate Powder” was also put forward as of 
special use for combustion purpo.scs and comprized 80''^, am¬ 
monium nitrate, .5% potassium chlorate, 1(1' ;. nitroglucose and 
5% coal tar. 

In photography de Pietteurs,' C. I.ea' and others’ endeavored 
to induce flexibility to collodion photographic plates by the 
addition of varying quantities of nitroglucose but invariably 
without success. 

Nitrated Molasses. In 1877, under the name of Vigorite, 
C. Bjdrkmann de.scriljcd a new explosive obtained by reacting 
2.o-.'}0 parts of nitric acid and .lO 7.7 parts sulfuric acid with ,5-20 
parts of sugar or molasses, the nitrated product txdng also called 
by him “Nitrolin.” Of this mixture 2,')- .50 parts are incorporated 
with l,V-,3,') parts of potasium nitrate, lO-dO parts pota.ssium 
chlorate and 1.5-35 parts cellulose to make the explosive named 
above.* 

The patented process of F. Gillcs,’ issued in Irngland, likewise 
comprized the nitration of molasses, “nitromolasses" being 
obtained by nitrating 380 parts of mola.sses with 1,000 parts of 


Ill carrying their invention into effect, 40 parts of cane sugar (for instance) 
is dissolved in 00 parts of ethylene glycol and heated to SO" 100° to complete 
the solutioip It is then cooled, and the mixture nitrated with 800 parts of 
nitrating mixture. Glucose or dextrose may also lie nitrated together with 
glycols 

1. Bull. ,Soc. Franc. Phot. 1878, 24, 2.56 S. Lustgarten (Monatsh. 
Chem. 1881, 2, 626; Bull. Soc. Chim. 1882, 37, 219) has described an explosive 
composed of glycogen nitrate (dinitroglycogen), detonating at 80°-90°. The 
F. Linder nitroglucose explosive, is described in Bcig. P. 262118, 1913. 

2. Chem. Tech. Rep. 1868, 7, II, 113; J. prakt. Chem. 1868, 108, 
191; Aracr. Jour Sci 1868, (2), 45, 381; Zts Chem. 1868, 11, 532;«ull. Soc. 
Chim. 1868, (2), 10, .506; Jahr. Chem. 1868, 21, 760. ’ 

3. Phot. Corn 1866, 3, 136, 162, 16.5, 18.5. Wreck’s Gwz. 1867, 79. 
Phot. Mitth. 1878, 259. 
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fuming nitric acid and twice as much concentrated sulfuric acid 
When washed it was described as a grayish ^yellow or whitisl 
precipitate. 

A. Doutrelepont improved upon this process and obtained 
patent protection' in which the oxidation of the nitrated product, 
which was found to occur at ordinary temperatures, may, accord¬ 
ing to the patentee, be obviated by nitrating still further, the 
oily nitro-body described by Gilles. In this process the sugar 
containing material may or may not be first oxidized and the 
molasses obtained treated either with alcohol, ether or weak 
acid so that the mixed sugar containing bodies are separated, the 
nitrated cane sugar being .separated from the nitrated molas.ses 
portion. This, according to the patentee, at best accomplished 
by evaporating in open evaporating dishes at S()°-00'’ for a few 
hours and until the product is reduced to the consistency of .'52°-- 
34° B^., being then separated by crystallization. Doutrelepont 
combined with Schreiber in the commercial exploitation of this 
proce.ss under the name of Petragit, the explosive comprizing 
nitrated molasses 3<S.(i%, nitrolignin 5%, potassium nitrate 
5(5.4%. They based their claim for economical value upon the 
assertion that the mixture was difficultly fusible and in this dis¬ 
tinction was superior to nitroglycerol combinations. 

R. Sjoberg, under the name of."nitrolactose,"- patented a 
mixture of nitrated lactin and nitrated molasses with the subse¬ 
quent addition of sodium nitrate. In the process of J. Regens- 
burger,’ ordinary or de-saccharinated molasses is first treated 
with an oxidizing substance as .sodium peroxide, animal or mineral 
oil is then added and the mass nitrated in the usual manner. 

The H. Kolf explosive* consists' of a nitrated carttohydrate 
impregnated with nitrosugar, nitroglycerol and nitrotreacle. 

Nitrolactose. R. Sjoberg* has patented a series of ex- 

1. D R. P. 4.'>,S,'>7. abst. Wag. Jahr. 1H88, 34, 492: Jahr. Chem. 1889. 

42, 2(580; Bcr 1889, 22, 1.5(5; Tech. Chem. Jahr 1888-9, 11, 185. » 

2. F. P. 192683, 1888; abst. Mon. Sci. 1889,33,633. In the R. Kandler 
explosive‘(E. P. 20799, IIXX); abst. J. S. C. I. 1901, 20, 1240. India P. Appl. 
414, 1901) a nitrated Carbohydrate as nitrated molasses, a nitrated hydro¬ 
carbon (nitrobenzene, di-, or trinitrotoluene, di-, or trinitronaphthalene, 
nitrocumene) is combined with a water soluble inorganic nitrate. 

3. E. P. 4192, 1898; abst. Arn(o and Explos. 1899, 7, 29; J. S. C. I. 
1899, 18, 174. D. R. P. 97289, 1898; abst. Wag. Jahr, 1898, 44, 373; Zts, 
ang. Chem. 1898, 11, 365; Chem. Centr. 1898, W, I, 591; Chem. Ztg. 1898, 
22,300. 

4. E. P. 22739,1892; abst. J. S, C. I. 1893, 12, 10,57.' 

5. E. P, 448, 1887; abst. J. S. C. I. 1887, 8, 62; Wag. Jahr. 1889, 35, 
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plosives having as a base nitrated lactose and containing, in 
addition, ammonium nitrate, carbonate or oxalate. The addition 
of naphthalene with nitrated milk sugar has also been recom¬ 
mended. 

Nitroerythrite. (Tetranitroerythrite, Butine l^tranitratc, 
Pentaerythrite Tetranitrate, Erythrite Tetranitrate). When the 
tetratomic alcohol erythrite' (erythrol, erythritol, mesoery- 
thritc, crythroraannite, erythroglucin, pscudorcin, eryglucin, 
phycite) is oxidized with dilute nitric acid, oxalic and tartaric 
acids- and an aldehyde or ketone,’ or at least a body which reduces 
Fehling’s solution’ is formed. 

It was J. Stenhouse who first noticed’ that upon dissolving 
small quantities at a time of powdered erythrite in fuming nitric 
acid, keeping the solution cool and mixing it with an amount of 
sulfuric acid equal to or greater than the nitric acid, a crystalline 
mass is obtained, which, when washed with water to neutrality, 
gave large crystalline plates of nitroerythrite melting at (il° 
and solidifying in the crystalline form at a temperature a few 
degrees lower. 

The method of B. Thieme for the preparation of this com¬ 
pound is to produce pentaerythrite from the condensation of 
acetaldehyde and formaldehyde in the presence of lime. By 
fii.sing between l!)()°-2(i0°, the powdered melt when dissolved in 

t7H K P 116.58, 1887; abst J S. C. I. 1887, $, 76(1 F P. 111268'!; abst. 
Mon Sci. 1889, 33, 6:« 

1 J Stenhouse, Phil Trans. 1848, 138, 76; 1849, 139. 399; abst. 
Ann 1848, 68, 78; 1849, 78, 22,5. A. .Strecker, Ann. 1848, 68, 111. E. 
.Schunck, Phil. Mag. 1854, 7, 33, 2.54. A. Lamy, Ann Chim. Phys. 1852, 
35, 138, 1857, 51, 232, abst N. J. Pharm. 22, 43, Ann. 1852, 84, 369; J. prakt. 
Chem. 1852, 57, 21; Chem. Centr. 185;i, 24, ;i02. R. Wagner, J. prakt. 
Chem. 1854, 61, 125. B. Merejkowsky (U. R. Anm. M-50150) prepares 
pentaerythrite by condensing formaldehyde and acetaldehyde in the presence 
of lime. 

2. S. Przybytek, Bull. Soc Chim, 1881, (2), 35, 108; abst. J. C. S. 
1881. 40, 402; Ber. 1881, 14, 2072; Jahr. Chem. 1881, 34, 514. 

3. E. Fischer.and J. Tafel, Ber. 1887, 20, 1088; abst, J. C. S. 1888, 
39, .358, 484; BuU. Soc. Chim. 1888, 49, 3.59, 972; Jahr. Chem. 1887, 1282. 

4. For accidents attending the use of nitroerythrite see \ Dupre, 
Ann. Kept. H, M. Inspectors of Explosives, 1897, 27; A. Ford, Ann. R«)t. 
H M. Inspectors Explosives, 1899, 145; abst. J. S. C, I 1899, ll, 416. For 
lead-block tests with pentanitroerythrol prepared according to D. R. P. 
265025 of C. Claessen; abst. C. A. 1914, 0, 251; see Sprengst. Waffen Mun. 
1914, 9, 29; abst. C. A. 1915, 9, 1392. 

5. Trans. Roy. Soc. Lon. 1849, 139, 399; abst. J. prakt. Chem. 1864, 
92, 332; Ann. 1849, 70, 226; 1864, ISO, 302. J. C. S. 1849, 16, 399; Jahr, 
Chem. 1849, 460; ^hem. Centr, 1849, 20, 627. 
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nitric acid and precipitated by sulfuric acid forms a crystalline 
product insoluble in cold water, melts when heated in a flame, 
but bums away quietly unless confined. It Is advocated as an 
explosive, either alone in a dry state, or in conjunction with 
nitrocellulose, witli which it may be intimately incorporated by 
means of a fluid which is a solvent of both, sucji as ethyl acetate.* 
The Rheinisch-Westphalische Sprengstoff A.-G.* have patented 
the use of aitroerythrite for regulating the combustion and in¬ 
flammability of nitrocellulose smokeless powders. It is a fact 
that to increa-sc tlie ballistic effect of nitrocellulose or nitrostarch 
powders, the particles or individual grains must be as large as 
possible, while on account of the gas pre.ssure they must be as 
thick as po.ssible. Both are only possible to a limited degree,, 
as otherwise the explosibility and inflammability would be ser¬ 
iously affected. The addition of small amounts of nitroerythrite 
is claimed to remove this drawback in a large measure, in that 
it causes a very uniform burning of the powder containing it. 

In the manufacture of detonating compositions, C. Claessen’ 
adds nitroerythrite to .such explosives as tetranitromethylaniline, 
tetranitroethylaniluie, nitrotoluene, trinitrophenol and lead azide, 
a suitable composition being given as nitroer>’tlirite 1 part, lead 

1. E. P. 20281, 18<H; ahst. J.'S, C. I. 18iK. M, (iO; U. S. P. 541809, 

1895. 

2 IJ. R. P 810(14, 18!)5; ahst. Chem Tech Rep 189.5, 34, 11, 207; 
Jahr. Cheni. ISM, 48, 1002; Wan Jahr. 189.5, 41, 4,59; Her. 1895, 28, 827; 
Zts. aiig. Chem. 1895, 8 , 388. F. P. 242847, 1895. In a recent process of 
this firm (D. R. P. 298932, 1914; ahst J. S C. I 1920, 39, 38.5-A; Chem 
Zentr. 1920, 91, II, 338) in the working up of crude pentacrythrite solutions, 
the calcium forinate is separated from the hot concentrated crude solution, 
and the pentacrythrite allowed to crystallize out in the cold. The solubility 
of the pentacrythrite increases considerably with increase in temperature, 
whereas that of the calcium formate is practically unchanged The crude 
solution may Ik advantageoirsly neutralized prior to evaporation 

3. P. P. 451925; abst. C. A. 1913 , 7, 3843; Chem. Ztg. Rep 1913, 
37, 478; Mon Sci. 1914, 81, 51. U S. P. 1240236; abst. C. A. 1917, 11, 32. 
IJ. S. P. 12.54147; abst. C. A. 1918, 12, 768; J. S. C. I. 1918, 37, 224-A. Swed. 
P. 40749, 1916: abst, C. A. 1916, 10, 2,525. Swiss P. 61926, 1912. ^ust. P. 
64976, 1913. D, R. P. 166804; abst. Zts. ang. Chem. 1906, 19, 253; Chem. 
Centr. 1966, 77, II, 626; Wag. Jahr. 1906, 52, 1, 486; Mon. Sci. 1907, 87, 107. 
D. R. P. 168490; abst: Zts. ang. Chem. 1900, 19, 253; Chem, Centr. 1906. 
77, 1, 1471; Chem. Ztg. 1900, 30, 277; Wag. Jahr. 1906, 52, 1, 486; Mon. Sci. 
1908, 89, 47; Zts. vSehiess. .Spreng. 1906, 1, 103. D. R. P. 265025; abst. 
C. A. 1914, 8, 251; Zts. ang. Chem. f913. 28, 749; Chem. Zentr. 1913, 84, 
11, 1445; Chem. Ztg. Rep. 1913, 37, 572; Wag. Jahr. 1913, 59, I, 447; Zts. 
Schicss. Spreng. 1913, 8, 397. Can. P. 176609, 1917; abst. C. A. 1918, 12, 
226. 
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azide 0.2 part; or* picric add and trinitrotoluene may be added 
to nitropentaerythrite in conjtmction witli a small layer of mer¬ 
cury fulminate to initiate the explosion. Similarly’ E- Herz 
adds preferably about 15 parts of this borfy to ammonium nitrate 
combinations in order to produce easily detonating safety ex¬ 
plosives of great density which at the same time are safe against 
fire damp. A diazoperchlorate of a nitrated aromatic hydro¬ 
carbon, such as nitrodiazotolueneperchloratc, may or may not 
be present.* The patented process of J. Harli* consists in the 
use of tetranitropentaerythrite alone or mixed with nitrobenzene, 
nitrotoluene, nitrophenol or nitrated amines in string-like detonat¬ 
ing fuses. 

In the C. Claessen process, finely powdered pcntaerythritol 
is introduced slowly and with continual stirring, into a large 
excess of 96% nitric acid. If the temperature rises above .30° 
during the process of nitration the reaction mass is cooled with 
water, while the addition of the pentaerythrol is temporarily 
discontinued until the temperature of the nitrating bath has 
fallen below 30°. After the desired amount of the erythrol has 
been added concentirated sulfuric acid is introduced in great 
excess, whereby the nitropentaerythrol, which is present in 
greatest amounts in the nitric acid, is precipitated almo.st quan- 


1. E. P. 29901, 1912: abst. J. S. C. I. 1913, 32, 880; C. A. 1914, 8, 
2062. F. P. 45192.5; abst. J. S. C. I. 1913, 32, 674; C. A, 1913, T, 3843; 
Chem. Ztg. Rep. 1913, 37, 478; Mon. .Sci. 1914, 31, 51. E. P. 13080, 1913; 
abst. C. A. 1914, 3, 3860; J. S. C. I. 1914, 33, 222. F. P. 4,59979; abst. C. A. 
1914,3,3238. .Swiss P. 64712, 1913. D. R. P. 281497; abst. Zts. ang. Chem. 
1915, 28, II, 126; Chem, Ztg, Rep. 191.5, 33, 42; Wag. Jahr. 1915, ^ I. 279. 

2. E. P. 11809, 1913; abst. J. S. C. I. 1914, 33, 44; C. A. 1914, 3, 3537. 
In one example cited, 73.6% ammonium nitrate, 12.6% pentaerythrite tetra- 


pentanitroerythrol pre¬ 
pared according to D. R. P. 265025. Using a detonator alone containing 
1 gm. with 0.2 gm, lead nitride, priming, there was obtained an expansion 
measuring 46 cc. in a lead block having a hole measuring 10 X 10 cm. orig¬ 
inally. A detonator having a charge of l.gm. tetranitroraethylaniline with 
0.2 gm. lead azide gave 34.5 cc. expansion, while 1 gm. TNT with 0,2 gm. 
lead azide, gave but 29.5 cc. In trials with explosives hard to detonate, the 
results with pentanitroerythroi were also satisfactory* 

3. U. S. P. 1054411; abst. C. A. 1913, 7, 1419. E. P. 27198, 1912; 
abst. C. A. 1914. 3 , 1672; J. S. C. I. 1913, 32, 713. P. P. 450897; abst. J. S. 
C. 1.1913, 32, 827; Mon. Sci. 1914,31,51. 

„ „ ■*- E. P. 16355, 1914; abst. C. A. 1916, 13, 119, F. P. 471164, 1914. 
U. S. P. 1306895, 1919; ab^. C. A, 1919, 13, 2283, In the cap composition 
of the Canadian Explosives Co. (Can. P. 176609) the initial igniter contains 
nitropentaeiythrity. 
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titatively. The resulting nitroproduct is separated from the 
acid and washed with cold water to neutrality. The neutral 
product is then dried at a low temperature and recrystallized 
from acetone. The nitrogen content is 17.72%. 

Nitroefythrite deposits in large colorless plates (from alcohol) 
which are insoluble in cold water; slightly more soluble in hot 
water; readily soluble in alcohol, ether, chloroform, ethyl acetate 
and amyl acetate; almost insoluble in carbon tetrachloride, acet¬ 
ylene tetrachloride, amyl alcohol, pyridine, quinoline, benzene, 
toluene and xylene. It is highly sensitive and explodes ea.sily 
when struck. Its .sensibility to percussion is greater than that 
of dynamite or guncotton. Alcoholic ammonium sulfide recon¬ 
verts it into erythrite. It contains 17.72% N. Nitropenta- 
erythrites, in addition to their possibilities as explosives as a 
substitute for or in conjunction with the fulminates, have come 
into some use in place of nitroglycerol as a remedy for angina 
pectoris.' 

The nitropentaerythrite produced in conformity with the 
proce.ss patented, by Thieme previously described, possesses the 
quality of melting when heated in a flame and will then bum 
away steadily without explosion, and owing to this quality the 
patentee asserts the uniformity ,of combustion in other explosives 
can be modified within well defined limits by the addition thereto 
of nitropentaerythrite. Erythronitrate has a composition C4H4- 
(NOj )4 and contains one oxygen less than is necessary for complete 
combustion of the carbon and hydrogen, but the excess is less 
than in nitroglycerol. In its behavior to heat it resembles some¬ 
what picric acid. It is not very sensitive to friction, can 
scarcely be exploded by a glancing .blow with a wooden mallet, 
even on stone. On the other hand it is extremely sensitive to 
percussion and can be exploded with the greatest ease in a por¬ 
celain mortar with a porcelain pestle. It is related that during 
the mixture of a .small amount of this compound with its own 
weight of sugar of milk in a porcelain mortar, an explosion 
happened which killed one man. 

The application of heat to pentaerythritolformate produces 

1 . J. S. C. I. 1899, U, 415. The process of Friederich (E. P. 138083. 
1920; abst, C. A. 1920. 14, 1758) consists in the use of lead trinitroresorcinate 
ibove a layer of lead azide over a detonator charge of nitropentaerythrite and 
:etranitromethylaniIine. 
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the calculated quantity of carbon monoxide and regenerates 
pentaerythritol.' An erythrodinitrodichlorhydrin, erytlu-odinitro- 
dibromhydrin and an erythrodibromhydriq are known.’ 

A. Stettbacher’ has thoroughly investigated jKjntanitro- 
erythrol and has found that on nitration a compound is pnxluced 
which combines the explosive properties of nitromannitol and 
nitroglycerol, while being free from the majority of the disad¬ 
vantages of these. Their procedure for the preparation of penta¬ 
erythritol in detail is as follows: The materials arc mixed in a 
wooden vat, of 110 liters capacity, according to the relation given 
by Tollens and Wigand; 1940 gm. formaldehyde, OOO gm. acetic 
acid, 90 liters of water and HiOO gm. slaked lime. The charging 
of the tank is as follows: First S.j liters of water, then .") liters of 
milk of lime containing 1100 gm. calcium hydroxide, and finally 
the formaldehyde and acetic acid in the quantities above given. 
The bung hole is closed tightly and the tank is rolled three times 
a day for three weeks. It is then allowed to remain at rest for a 
day or so more and the clear solution then filtered off. The lime 
and calcium formate in solution with the pentaerythritol are 
removed by adding 140 gm. pulverized oxalic acid in crystals 
and filtering off the calcium oxalate. The free formic acid changes 

1. P van Komburgh, Proc Acad Amsterdam, 1909. 10, 100; abst. 
J C S 1907, 92, i, 1011, C. A. 1909, 3, 109. According to H. M Inspector 
of Explosives, 1897, p. 27, erythroltetranitrate has recently come into use 
ill place of nitroglycerol as a remedy in angina pectoris. They record that 
it is a crystalline solid, m pt l.W" F., and when suddenly heated to a high 
temperature explodes with great violence. In its behavior to heat it somewhat 
resembles picric acid. It is not very sensitive to friction and can scarcely be 
exploded by a glancing blow with a wooden mallet, even on stone. On 
the other hand, it is extremely sensitive to percussion, and can lie exploded 
with the greatest case in a porcelain mortar by means of a porcelain pestle. 

2. P. Champion, Zts. Cheni. 1871, 7,348,349; abst. J C. S. 1871, 
24, 811; Compt. rend. 1871, 73, 114; Jahr. Chem, 1871, 24, 417; Bull. Soc. 
Chnn. 1871, IS, 301. 

3 Zts. Schiess. Spreng. 1916, 11, 182; abst J. S C. I 1917, 3G, 101; 
C A 1917, 11, 2543. See also E. P. 20281, 1894; abst. J. S C. I. 189.5, 
14, 06. According to L. Vignon and I. Bay (Compt. rend. 1902, 13S, .507; 
abst. J. S C. I 1902, 21, 1303) the reducing action on Fchliiig's solution shown 
by the nitric esters of erythritol, mannitol, dulcitol, pentacrythiltol, etc., 
is accompanied by, and is, no doubt, correlated with, the saponification of 
the esters by the alkali of the Fehling’s solution. The authors, have investi¬ 
gated the conditions of saponification by water, by acid, and by alkali of 
the nitric esters of the alcohols named together with those of methyl alcohol, 
ethyl alcohol, and glycerol. In the case of water, there is no saponification 
in any instance, either on heating on the water bath, or on boiling at atmos¬ 
pheric pressure; but in a sealed tube at 110°-120°, the esters of the 4-, 6- and 
6-carbon alcohols ate completely saponified. 
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the clear solution to a bright yellow. This solution is then evap¬ 
orated to one-tenth to one-twelfth its original volume, preferably 
in a vacuum still. Thj brown residue, after cooling, is ditered, 
the pent^erythritol which remains on the £lter having a melting 
point of 235 to 240 degrees. A tank yields about 1200 gm. of 
raw product. This raw product is powdered»and rubbed with a 
small quantity of strong ethyl alcohol, then dried and finally 
recrystallized from water. The pulverized pentaerythritol is 
stirred with an excess of concentrated nitric acid, the latter being 
added slowly so that the temperature is not allowed to rise above 
30°. After all of the acid is added an excess of concentrated 
sulfuric acid is poured in, when the conversion into pentaery¬ 
thritol nitrate is almost quantitative. The product is washed 
free from acid by water and then crystallized from acetone. The 
pentaerythritol tetranitrate thus obtained is claimed to be stable 
and unchanged after heating for two hours at 80°. 

Nitromannite (Nitromannitol, Fulminating Mannite, Ful- 
min Mannite, Pentanitromannitol, a-Hexone-hexanitrate, Hexa- 
nitrin). Mannite or sugar of manna, discovered by J. Proust,' 

1. Ann. Chim. Phys. 1806, (1), 57, 143; J. de Phys. 1800, 57, 143: 
Gehlen J. 1806, 2, 77, 376, 420; Gilb. Ann. Phys. 1803, «, 296; Nicholson’s 
J. 1808, 21, ,306, 341. See also J. Liebig and J. Pclouze, Ann. 1836, 19, 

263. P. Favrc, Ann. Chim. Phys. 1814, (3), 11, 71; Bcrz. Jahr. 1840, 25, 

561; J, prakt. Chcra. 1844, 32, 362; Ann. 1844, 52, 310. 

Many carbohydrates like mannite might prove to be exceedingly valuable 
explosive bodies when nitrated and be used in immen-se quantities, but their 
use at present is precluded on account of the high cost of the carbohydrate. 
Recently extensive experiments have been undertaken to obtain these bodies 
cheaply in large amounts, and with some degree of success. Mannite is 
found in considerable amounts in the liquor from silage, being especially 
high in silage made from sunflower stalks, which contain about 5% of mannite 
on the wet basis. The method of extraction is to add alcohol to the concen¬ 
trated liquor, whereupon mannite crystallizes out. P. Maze 4^nn. Inst. 
Pasteur, Sept. 1903; Ann. de la Brasserie, 1903, 8, 442; J. S. C. I. 1903, 22, 
1361) produces mannitol by deleterious ferments in wines. The General 
Electric Co. (E. P. 24060,1912; abst. J. S. C. I. 1913, 32, 961) produce plastics 
from mannite, resins, camphoric acid, and the condensation pr^uct of glycerol 
and phthalic acid. 

C. Hudson and H. Sawyer (Jour. Amer. Chem. Soc. 1917, 29, 470; 
abst. J. S. C. X. 1917, $6^ 467) have descril)ed a method for the preparation of 
mannose from vegetable ivory (from seeds of the tagua palm, PhyteUphas 
macrocarpa), in which the material is hydrolyzed with sulfuric acid, and a 
yield of 30%-36% of the crystallized sugar is obtained without intermediate 
conversion into puenylhydrazone. The rautarotation of mannose is a imi* 
molecular reaction. Its velocity consttoit increases about 2.6-fold for a rise 
in temperature of 10®, and is independent of concentration below 10%, 
but increases above to a maximum at 45 gm. per 100 cc. and decreases again 
t)eyond. Like that of dextrose, the mutarotation of mannose is accel^ted 
yy acids, aqd tp a much greater extent by alkalis. It is doubtless due tp g 
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exists in many vegetables, but is usually prepared from manna 
and saccharine juice obtained from two specie of ash. It occurs 
to the extent of 30 to 60 per cent, in manna, the dry juice which 
exudes from the manna ash (Fraxinus bmus).' When mannite 
is oxidized with nitric acid’ it is converted into saccharic acid 
and not mucic acid, but upon pushing the oxidation further 
oxalic acid is obtained. A commercial method for the prepara¬ 
tion of mannite has been recently patented by G. Guignard.’ 

This ester has been investigated by F. Flores-Domonte and 
Menard,* A. Sobrero,* J. Stenhouse,* I,. Svanberg and Staaf,' 
and A. Knop,* the general method of preparation being to dis.solve 
one part of mannite in two parts by weight of cooled fuming 
nitric acid, then adding sulfuric acid until no more white flakes 
are precipitated, when the mass is at once poured into water, 
piuification being effected by boiling in alcohol. A. .Sobrero, 
observing the powerful explosive effect of nitromannite on per¬ 
cussion endeavored to replace mercury fulminate by this explosive 
in percus.sion caps. S. deLuca,’ H. Rcinsch,'“ V. Dessaignes," 

balanced action between a- and d-torms. Crystallized mannose is generally 
assumed to be the S-form. 

1. See A. Payen, Ann. Chim. Phys. ISIW, 55, 219, Ann 1824, 12, (JO. 
W. Meyer and von Reiche, Ann. 1843, 47, 234. 

2. Watt, Diet. Chim. 187i), 3, 824. 

3. E. P. 3261. 1913; abst. C. A. 1914, 8, 2.'>9.'), J S. C. 1. 1013, 2, 870; 
Chera. Ztg. Rep. 1914, 38, ASS. 

4 Compt. rend. 1847, 24, 89, 3«l; N. J. Pharm. (3), 12, l.W; Pharm. 
Centr. 1847, 18, 892; Jahr. Chem. 1847-8, 1, 114.5, Ann. Rep. Chem. 1847-8, 
377. 

.5. Ann. 184.5, 84, 397; abst. Jahr. Chem. 1847-8, 1, 1145; Amer. J. 
.Sci. 1847. 4, 274; Compt. rend. 1847, 24, 247 ; 25, 121; Dingl. Poly. 1847, 
105, .387; Ann. Rep. Chem. 1847-8, 1, 377; J. prakt. Chem, 1847, 40, 421; 
Berz. Jahr. 1849, 28, 3,58; Rev. d’Artil. 1877, 9, 297. 

6. Ann. 1816, 60, 218; Chem, Centr. 1819, 20, 625; Chem. Gaz. 1849, 
265; Phil.‘Mag. 1849, 34, 463; Instit. 1849, 268; Jahr. Chem. 1849, 2, 466. 

7. Skand. Naturf. Pdrhandl. 1847, 5, .337; Oversigt, 1847, 4, 214; 

abst. Berz. Jahr, 1849, 28, 360. Sec also P. IJchatius, Dingl, Poly. 1861, 
161, 146; abst. Poly. Centr. 1861, 27, 1367; Poly. Notizbl. 1861, 16, 309. 
For the nitromannite of E. Mills, see J. C. S. 1864, 17, 1.53; 186.5, 18, .319; 
Chem, News. 1864,9,162; abst. Bull, Soc, Chim 1865,4,280; J. Pharm. Chim. 
1866, 3, 99; Chem. Centr. 1866, 37, 229; Jahr. Chem. 186-1, 17, 584; Zts, 
Chem. 1864, 7, 282. , 

8. J. prakt. Chem. 1849. 48, 362; 1850, 48, 228; Ann. 1850, 74, 347; 
abst. Chem. Centr. 1849, 20, 801; 1850, 21, 49; Jahr. Chem. 1840, 2, 466; 
Chera, Gaz. 1850, 81. 

9. Amer. Drug. Circ. Feb. 1866; Amer. J. Pharm. 1866, 38, 179; Compt. 
rend. 1861, S3, 298: Dingl. Poly. 1881, 162, 137; Poly. Centr. 1862, 28, 221; 
Wag. Jahr. 1861, 7, 517; Inst. 1881, 275; J, prakt. Chem, 1862, 85, 378; 
J. Pharm. Chim. 1862, 41. 483; Jahr. Chem. 1881, 14, 713. 

10. Jahr. I%arm. IS, 102; Repert. Pharm. (3), 3, 6; Pharm, Ceptr. 
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A. and W. Knop' and M. Berthelot,* especially the latter, ob¬ 
served that nitromannite exists in several modifications in which 
he was able to chemically distinguish between the compound of 
L. Svanberg and Staaf® and that of A. Strecker,^ and confirms the 
observation jfreviously made that by the action of ferrous acetate 
upon nitromannite, unaltered mannite may be recovered together 
with a substance similar to or identical with mannitan, T. 
Tichanowitsch''-communicated further details on the decomposi¬ 
tion products of nitromannite by ammonia. The pure product 
used by him melted at 72°, had a dextro rotation of 48.8, was 
soluble at 12.8° in 84.4 parts of alcohol of sp. gr. 0.81; and at 9° 
in 24.4 parts of ether, and was decomposed when dry at a tem¬ 
perature of 120°, and when containing small amounts of moisture, 
at 100° or under. 

According to N. Sokoloff* nitromannite may be readily 
prepared by rubbing up one part of mannite in five parts by weight 
of cooled nitric acid of sp. gr. 1..5, the .solution then being poured 
into a well cooled vessel and mixed with ten parts of sulfuric acid. 
The semi-solid mass resulting is filtered and the residue well 
washed with water and finally with dilute soda solution to sub¬ 
stantial neutrality. To obtain the nitromannite in a pure state 
it must be repeatedly crystallized from alcohol when it then 
consists of long, white needles melting, at 112° to ll.'i°, which, 
however, are decomposed at a higher temperature. The sp. gr. 
of the crystals at zero is l.()04 and of the fused product, 1.44(5 to 

1H49, i)0(); Jahr. Chini IWl), 2, 4«‘l; Berz. Jahr. Chem. 18.51, 30, 371; Arch. 
Pharm. M, 271; J. prakt Chem. 184(1, 47, 477, Poly. Centr. 1840, IS, 1467; 
Diiigl, Poly. 1849, U4, 432. 

11. Compt. rend. 18,51, 33, 462; Instil 1851, 347; Ann. 1852, 81, 251; 
J. prakt. Chem. 1852, SS, 33; abst. Jahr. Client. 1851, 4, .552. '• 

1. Pliarm. Centr 18.52. 129, 423; J. prakt. Chem. 1849, 48, 362; 1850, 
58, ;i34; abst. Jahr. Chem. 18.52, S, 6,57; Chem. Gaz. 1850, 81; Ann. 18.50, 

'74, ;i47. 

2. Compt. rend. 185.5. 42, 1111; In.stit. 1856, 205; Arch. ph. Nat. 

32, 333; J. prakt. Chem. 1856, 89, 450; Chem. Centr. 18.56, 27, 625, Jahr. 
Chem. 1856, 9, 662. ^ 

3. Jahr. Chem. 1856, 9, 662, 

4. Jahr. Chem. 1856, 9, 662; Ann. 1850, 73, 59; 74, 347; Ann. Rep. 
Chem. 1849, 3, 323; Chem. Gaz, 1850, 149. 

5. Zts. Chem. 1863, 8, 5.50; 1864, 7, 482; abst. Jahr. Chem. 1863, 16, 
584; 1864, 17, 582; Chem. Centr. 1864, 35, 463, 

6. Ber. 1879. 12, 688, 698: J. C. vS. 1879, 36, 777, 1080; Bull. Soc. Chim. 
1880, 33, 165; Jahr. Chem. 1880, 33, 1026; Chem. Tech. Rep. 1879, U, I, 
286; Year Book Pharm. 1880, 80; Gewerbebl. 12, 688, 698; Pharm. Centralh. 
1879, 20, 277; Chem. Centr. 1879, 50, 374; Wag, Jahr. 1879 25, 423, 
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1,537. In contact witli a glowing wire or a gas flame nitro- 
mannite melts but does not bum. When thrown on glowing 
coals it first melts, then violently expires. However, it may 
be pressed and rubbed up in a porcelain mortar without danger, 
or cut or sawed. When pressed under the blow oT a hammer, 
however, it is claimed to explode more violently than mercury 
fulminate, and also detonates by the action of ferrous fulminates. 
Nitromannite pressed into a metal capsule explodes by the action 
of fulminates only when a certain quantity of the powdered com¬ 
pound is also present. Contained Uwsely in capsules not sealed 
up, it explodes only by the action of diazobenzene nitrate. Soko- 
loff claims that the explosion of nitromannite is produced only 
by certain determinate vibrations. 

J. Wigner,' who has more recently investigated the nitrates 
of mannitol and of dulcitol, claims, that in distinction to the 
results published by Tichanowitsch,“ dulcitol hexanitrate is not 
decomposed by prolonged heating at 40°, and mannitol liexa- 
nitrate, whether wet or dry, is only very slowly decomposed at 
100°, the melting point falling one degree in fifteen minutes and 
four degrees in forty-five minutes. His preferred method for the 
preparation of mannitol pentanitrates is by direct nitration of 
mannitol, but the pentanitrate is also mixed with the hexa deriva¬ 
tive, separation from which may be eflccted by diluting the 
nitration mixtures until most of the hexanitrate is precipitated, 
then evaporating and again diluting. His preferred method of 

1 Ber. Ifltti, 3$, 7!»4: abst J C S. 19(«, 8«, i, Bull Soc. Chini. 
liMi, 30, 1174; Chem. Ceiitr. liKB, 74, 1, .')!»; Jahr. Chtm. ligW, SO, 767; 
Meyer Jahr. Chem. 190.'!, 13, .14 "i. 

C. Marshall and J. Wigner (Chem News, 1902, 85, 103; Proc. Chem. 
Soc. 1(H)2*18, 32; abst. Chem. Centr. 190.3, 74, I, 028; Jahr. Chem. 1902, 
B, 806) have criticized the theory advanced by Vignon and Gcrin concern¬ 
ing the constitution of hexanitromannitc and related substances. Ac¬ 
cording to these authors such higher nitrates arc supposed to reduce Kehling's 
solution, while the lower nitrates, for example nitroglycerol, do not do so. 
They assume the CHjOH radical is changed during the nitration into a hy¬ 
drated aldehyde group CH(OH),, which is changed under the action of the 
NA into a CH(OH)ONO group and that by the action of the alkgli from the 
Kehling solution this group is alleged to rc^t in tfic formation of aldehydic 
groups. The authors further advance the argument that the amount of 
NK)i that is formed during the hydrolysis would materially change the differ¬ 
ent members of the series, which is jot the case. These authors are unable 
to agree that the above mentioned compounds are nitric acid esters of modified 
alcohol. 

2. Zts. Chem. 1864, 7, 482; abst. Jahr. Chem, 1864, 17, 582; Chem. 
Centr. 1864, 35, ^63. 
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preparing the pentanitrate, however, is by dissolving the hexa- 
nitrate in alcohol, adding pyridine' and boiling for* an hour, the 
pyridine being removed by poining into water, and extracting the 
water with ether. The product when then recrystallized, melts 
at 81° to 82** and dissolves in 3,000 parts of water at 15°, has a 
normal molecular weight and recrystallizes unc^ianged from 
acetyl chloride.' Nitromannite is claimed to be more suscep¬ 
tible to friction than nitroglycerol, and unless pure is liable to 
spontaneous combustion. Chemically it is the nitric ester of the 
hexatomic alcohol mannitol, h. Vignon and F. Gerin* have 
found that pentanitromannitol and hexanitromannitol obtained 
by the action of sulfuric and nitric acids on mannitol, readily 
reduce Fehling’s solution and in this respect r^mnble the nitro- 
celluloses.' They do not react upon Schifl’s reagent however, 
and in this respect differ from the cellulose nitrates. A further 
distinction is found in the fact that whereas nitrocellulose gives 
oxy-cellulose when treated with ferrous chloride, the nitro- 
mannitols yield mannitol, which has no reducing power. The 
cupric reducing power of mannitol is greater than that of dextrose 
but is not due to the presence of mannose. F. Krecke,' as the 
result of his investigation upon mannite and nitromannite found; 

1. Optically active mannite is transformed under the in¬ 
fluence of a mixture of HNOj.HjSO^ into active nitromannite. 

2. Optically active nitromannite is transformed by the 

1. In place of the ammonia used by T. 

2. Tichanowitsch gave 79°. 

S. Dulcitol pentanitrate. prepared by a similar method and re-crystal¬ 
lized three times from alcohol and water, sinters at 71° and melts at 75°, 
and like mannitol pentanitrate it has a bitter taste and strong physiological 
action. According to F. Homann (Ann. 1878, IM, 282; J. C. S. 1878,' 34, 
399) by the action of a mixture of one part of concentrated nitrid acid and 
ten parts of sulfuric acid, quercite pentanitrate, is obtained which is an almost 
colorless resinous mass, insoluble in water, but readily soluble in absolute 
' alcohol and in ether. It explodes on heating. Quercite is not altered by 
heating with concentrated hydrochloric acid under pressure at 100°. 

4. Compt. rend. 1901, 133, 615, 540; J. C. S. 1901, 12, i, 602; Jahr. 
Chera. 1901, 54, 651, 652; J. S. C. I. 1901, 20, 1244; BuB. Soc. Chim. 1902, 
27, 24; Chem Centr. 1901, 72, II, 983; 1902, 73, 1, 456. See Chem. News, 
1901 84 202 

5. ’l. Vignon, Compt. rend. 1900, 131, 509, 530, 558; abst. I. C. S. 
1900, 80, i, 689, 628. L. Vignon and J. Bay, Compt. tend. 1902, US, 607; 
abst. Jahr. Chem. 1902, 55, 805. 

6. Arch, neerland. 1872, 7, 202; aftst. Jahr. Chem. 1872, 25, 165. For 

the decomposition of nitromannite, see B. Sannu and P. Vieille, Compt. rend. 
1881, 33, 269; abst. Wag. Jahr. 1881, 27, 341; Chem. Ind. 1881, 4, 384; Chem. 
Tech. Rep. 1881, 20, II, 134; J. C. S. 1881, 40, 1033; Jahr. ,Chem. 1881, 34, 
1131 jZts. physifc. Chem. 1889,3,153. * 



NITROCBI<I.UI,OSK TH80RY 


1867 


action of ammonium sulfite into inactive nitromannite with 
reduction. * 

3. The active grape sugar is transformed by sodium or 
potassium amalgams into inactive mannilc. 

4. Tlie mannite obtained in this manner is transformed into 
active nitromannite by the same treatment as that obtained from 
manna sugar. 

.\ccording to A. Loir' the nitroniannites are always dextro¬ 
gyrate. M. Bertlielot" prepared nitromannite by the action 
of nitro-sulfiiric acid upon carefully purified mannite; the reaction 
was .slow and lasted considerable time. Admitting an entire 
coniersion, the number obtained gave 21,20(1 heat units for the 
reaction 

+ ONOJl = C„Hs(N(),i)« + (illjO, 

or 3.)(X) per equii alent of acid fixed. 

In LS.SO, J. Ifngcls’ obtained protection for a dynamite of 
high blasting and expanding quality, made of a combination of 
pyroxylin, nitroglycerol, “pyro paper," “nitro amylin” and 
nitromannite, either with or without small amounts of potassium 
silicate. .Xmark's exjilosive' is said to include nitroglycerol and 
nitromannite or nitro-starch, together with infusorial earth, but 
usually with a small quantity of flour or resin. A. Nobel obtained 
l>atent protection in hs'.l.;'' for an explosive compound wherein 

1 Hull .Sor Chini. i.Sdl, 12, IIS, ahst Jahr Clicm. 1861, 14, 729; 
Proe. Amur Pltarin Assoc lH<t.3, 11, I4.'>, Chciii. Ceiitr. 1863, 34, 1,59. 

2 Conipt rciul 1871, 73, 26(1, ahst J. C. S. I.S71, 24, 872; Jahr. Chem. 
1871, 24, 81, HuK Soc Chim. 1871, IS, 223; Zts Chem. 1871, 14, 34.5. 

3. li. P. lli;i, I.S80; ahst J A C. S. 188(1, 2, 405. It. R. P. 10232,1879; 
alist. J A. C S, 18.S0, 2, 405; Her, 1880, 13, 1705; Chem. Ind. 1880, 3, 278; 
Industricbl 188(1, 330. Chem. Tech Rep 1880, 19, 1, 339; Deut. Industrieztg. 
1880, 401.» Chem Ztg, 1880, 4, ,522, 7.33; Jahr. Chem. 1880, 33, 1311. 

4 Chem. Tech. Zlg. 1.S87 li. Votocck and C. Kranz (Zts. Zuckerind. 
1919, 43, 577; abst C A. 1020,14,1674) find that aqueous solutions of manni¬ 
tol are slowly oxidized by nitrous fumes, yielding a mixture of mannose and • 
levulose, and tli.jt the reaction can be accelerated by the addition of small 
quantitic.s of a fesrous salt. Nitrous fumes in this case behave like other 
oxidizing agents, yielding a mixture of atdehydic and ketonic products. 

5. K. P. 1164,5, 1893; abst. J. S. C. I. 1894, 13, 760; Anns and Explos. 
f894, 2, 20;t. According to IJ. P. 12742, 12743, 1£?44, 1274,5, fc746, 1912 
^bst. C. A. 1913, 7, 3842; J. S. C. I. 1913, 32, 991; Chem. Ztg. Rep. 1913,, 
37, 614) granted to P. Nathan, W. Rintoul and T. Baker, processes are de¬ 
scribed wherein there is added to explosives containing nitrocellulose, nitro¬ 
mannite, nitrostarch and nitroglycemi, substances such as simple or mixed 
esters, containing at least one aromatic radical capable of ready nitration by 
the products of decomposition of nitro-exploSives, have no deleterious eSect 
on the explosive and capable of being homogeneously retained in the explosive 



1808 


TECHNOLOGY OP CELLULOSE ESTERS 


nitromannite, with or without the addition of substances as 
dinitrobenzene, mononitrobenzene, trinitrobenzene, diriitrotoluene, 
and trinitrotoluene, is used as a solvent for nitrocellulose. The 
advantage claimed for ftitromannite in this respect over nitro- 
glycerol consists* in the fact that it is at ordinary temperatures a 
solid substance and therefore unlike nitroglycerol^ not subject 
to the possibility of exudation. In the preferred method of 
procedure, 20 parts by weight of nitromannite and 20 parts 
of dinitrobenzene are melted together on the water bath, in which 
condition they are easily incorporated with GO parts of nitrocellu¬ 
lose, a substance of great consistency and excellent ballistic 
qualities, according to the patentee, being thus obtained. Further¬ 
more, the patent specification states, it is unnecessary that all 
the nitrocellulose contained therein should be dissolved, it sufficing 
that only such part be dissolved as to give the requisite consis¬ 
tency, whereas the remaining part may be imbedded undissolved 
in the plastic material without the development of deleterious 
reaction. The process of F. von Schaller' is somewhat similar, 
insoluble nitrocellulose being incorporated with a mixture of 
trinitrotoluene, nitromannite or nitroglyeerol, and heated in the 
presence of benzene to 00° or 70°, with or without the addition of 
vaseline, oil or paraffin. The solution is then precipitated by 
water, washed, dried and formed in the Usual manner. Xylo- 
glodine is alleged to consist of glycerol and starch or glycerol 
and cellulose or glycerol and mannite, or benzene jointly nitrated 
with the usual acid mixture. It is claimed for this product (upon 
what grounds is not stated) that it differs in certain important 
characteristics from a mixture of the two compounds nitrated 
separately and then combined. A. Smolka" has described manni¬ 
tol lead nitrate as a desirable explosive body. 

■ Hexanitromannite is a crystalline solid, sensitive to shock, 
insoluble in water, but readily soluble in alcohol, ether, chloro* 

in sufficient quantities for effective stabilization. Diphenyl ether, phenyl- 
benzyl ethy, ethyl-naphthyl ether, phcnanthrylmethyl ether, ethyl-phenyl 
urea, and esters of substijuted carbaminic ether with or without one or more 
radicals instead of the customary addiGon of vaseline or mineral jelly. 

J. D. R. P. 141314; abst. Zts. ang. Chem. 1903, IS, 634; Jahr. Chem, 
1903, SS, 1018; Chem. Ztg. 190;i, 27, 600: Wag. Jahr. 1903, 49, 1, 343; Chem. 
Zts 1904 3 14 * 

' 2. MonaLsh. 1886, S, 198; abst. J. C. S. 188,5, 48, 743;Proc. U. S. Naval 
Inst. 1886, 12, 189; Her. 1885, U, 330-R; Jahr. Chem. 1885, 38, 1209; Bull. 
Soc. Chim. 1886, 45, 753. 
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form and ethyl and amyl acetates. It is reduced to mannite by 
ammonium sulfide. Wlien allowed to stand, it decomposes 
spontaneously. Being a solid, it is not as adaptable as nitro- 
glycerol for explosives. Curiously enough, nitroso^bitol is ap¬ 
parently a liquid, and of similar explosive properties. d-Mannose 
pentanitrate' is found as rhombic needles, m. pt. SI °-S2'’, and is 
dextrorotatory'. 

Nitrated Resins. The nitrated resins, especially alone, 
on account of their complexity and absence of chemical homo- 
geniety have been found difficult to sufficiently stabilize for 
commercial purposes. They have Iwen brought forward as 
absorlrent material for explosive liquids. 

T. Hawkins,- has descrilied a fluid product for use in explo¬ 
sives and obtained from Australian Grass Tree gum in the follow¬ 
ing manner: Tire powdered gum is immersed in petroleum con¬ 
taining one per cent, each of acetone and oil of turpentine and 
nitric acid is dropped into and through the petroleum on to the 
gum until the latter carries the maximum of nitro-groups. 

The li. .Steele expk)sive,® is a produet consisting of a mixture 
of 7.') to 70 per cent, of ammonium nitrate and 2.7 to 10 per cent, 
of “nitrated or dinitrated resin or nitrated, dinitrated or tri¬ 
nitrated mixture of resin and cereal or starch meal. In the 
latter case the mixture of the nitrated, dinitrated or trinitrated 
resin and meal should be in .such proportion that from .5 to .50 
per cent, of the meal is added to the resin.” The mixture may 
then be granulated by being exposed to the effect of atomized 
alcohol in the form of methylated spirits. In the manufacture 
of combastibics for explosives, according to the method devized 

1. W. Will and F Lciizc, Ber. I8H«, Jl, 68; ahst. Chem. News, 1898, 
77, 1,52; J, C. S. 1898, 74, i, 227; J. S. C. I. 1898, 17, 271; Bull. Soc. Chim. 
1898, 20, 1190; Chem Centr. 1898, 89, 1, 441; Jahr. Chem. 1898, H, 1307; 
Wag Jahr 1898, 4^, 707; Zts ang Chem. 1898, U, .517. 

2. U. P. 17307, 1913; ahst I. S. C. I. 1914, 33, .569. E. .SchulUe 
(D. R P. 38363; ahst. Ber. 1887, 20, 237-R, Jahr, Chem. 1887, 40, 2S99; 
Wag. Jahr. 1887, 33, 572; Chem bid. 1887,10, 76, 189) has descritfed a sport¬ 
ing powder composed of nitrated resin, nitrated turpdhtine and nitrated rosin. 
The powder is rmally grained and waterproofed by a coating of collodion. 
In the W. Spore patent (U. S. P, 762446, 19IM; abst.J.S.C, 1, 1904,23,728; 
Chem. Zts. 1904, 3, 692; Mon. Sci. 1»05, 83, 15; J. A. C. S. 1905, 2711, 60) 
nitrated turpentine is combined with potassium chlorate and com pith. 

3. E. P. llOfK), 1904; ahst. J. S. C. I. 1904, 23,999. E. P. 4114, 1906; 
abst. C. A. 1907, t 1489; J. S. C. I. 1907, 28, 280; Zts. Schiess. Spreng. 1907, 
2, 196. 
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by 0. Carlson,’ nitrated resin and a nitrocarbon,<'re heated to¬ 
gether and the product then nitrated. In the example cited, 
40 parts of nitrated resin containing 3..')% N are allowed to act 
Upon 60 pai;ts of nitrotolucne containing 12% N at a moderately 
increased temperature, the product being furthej heated to 75°, 
together with 120 parts of nitric acid having a sp. gt. of 1.32, tire 
product of reaction obtained containing 10.4^{, N and gives in the 
ratio of 20.5 to 79.5 a plastic explosive. 

In another process” liquid resin is nitrated, mixed with a 
perchlorate, a nitrate, and optionally, fcrrosilicon. 

C. Bauer* employs nitrated colophony, resin or balsam, in 
order to clarify turbid, aciueous liquids. For this purpose the 
nitro-derivatives are finely ground with a small quantity of 
water or dissolved in a solvent which is miscible with water or 
an alkali hydroxide or carbonate solution, before Ijcing added 
to the solution to be clarified. When alkaline solutions are 
used an acid precipitant or a salt such as lead or sodium acetate 
is also added. When used for clarifying alimentary products, 
such as gelatine solutions, the nitro-derivatives must first be 
freed from bitter substances by dissolving in an excess of alkali 
hydroxide, or carbonate solution and heating to incipient saponi¬ 
fication. As an example, a solution of Itll) gm. of dextrin in 300 
gm. of water is stirred in the cold with 5 cc. of a solution con¬ 
taining 10% of nitrated resin and OO'.;, alcohol. The filtered and 
concentrated solution remaining clear for an indefinite period. 

Nitrofibroin,* Talldl (a liquid resin obtained as a liy-product 

1. U. S. P. 1122072, HIM; iilist. C A. H)1.7, 9, 280; J ,S. C. I. 191.5, 
34, lf)3; Mon. .Sci, 191.5, 82, .51. 15. P. .5707, 1910; ahst. C. A. 1911, 5,3158; 
J. S. C. I. 1911, 30, -MS; Zts. Scliioss Kpreng. *1910. 6, 27H. li the G. v. 
Planitz process (tl. f5. P. 2,51 M.5, 1881; ahst. J. A. C. S 1881. 3, 171), a base 
for blasting powders is formed by the combination of diluted nitric acid with 
resin. The H. Schoeneweg explosive (If. P. tlOli-1, 18811; abst. Wag. Jahr. 
1887, 33, 574; J. S. C. 1. 1886, 5, 679; Cheni. Ind. 1887, 10, 189; Chem. Tech. 
Rep. 1887, 20, 1,229; Mon, Sci. 1887, 29, 574) comprizes di-, or trinitrobenzfne 
with ammonium nitrate, which is protected against moisture by mixing it 
with about 5% of nitrated resin dissolved in alcohol. 

2. Nitroglycerin Aktiebolagct, Swed. P, 42470, 1917; abst. C. A. 
1817, 11, 2783. H. Ifibbcrt (11. S. P. 994841, 1911:12133, 07, 121,3369, 
1231351, 1917; U. P. 106086, 1917; abst. J. .S C. 1. 1917, 30, 943; 1918, 37, 
167-A) nitrates ethylene, propylene and butylene glycol and produces ex¬ 
plosives therefrom. Nitrocellulose is dissolved in the nitrated polyglycol. 

3. B. R. P. 292542,1914; abst. J. S. C. I. 1916, 35, 1123; Chem. Zentr. 
1917, 08, I, 321; Chem. Ztg. Rep. 1916, 40, 238; Wag. lahr. 1916, SL I, 
380; 1917, 63,11,107. 

4. T. Johnson and A. Hill, J. A. C. S, 1916,l38,\1392;'abst.'J. S. C. I. 
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in the preparation of cellulose from Swedish Pine)' and nitrol,* 
are of minor interest in this connection.' 

Other Nitrated Celluloses. V'arious forms and sources of 
cellulose have been proposed from time to ^mc for the prepara¬ 
tion of the corresponding nitrates, with the idea in mijid either 
of obtaining pnxlucts which could successfully compete in price 
with nitrated cotton, or whicli might develop desirable technical 
projierties of value in the explosive industries. In general these 
products have not found the wide technical applications predicted 
for tliem, partly due to uncertain smd limited supply of raw ma¬ 
terial, but more so to the difliculty in purification, and instability 
and proneness to decomposition upon the long continued .storage 
to which this class of bodies is often unavoidably .subjected. 

inui, 3S, <,)22. C. A Kill). 10, 222;i, J. C .S Ullli, 110, i, (ill .See also T. 
Johnson, A. Hill and L. O'Hara, J. A C H. 1111.'), 37, 2170, ahst. J. S. C. I, 
IH1.5, 34, 1047; J. C. H. 11117, 108, i, 1017. 

1. W. Kahrion. Zts. ang Chein HKH). 22, .S82: abst J. S C I. lllllfl, 

28, 421; C. A. IlKllI, 3, I(i!)7; I. C. S. HKIll, 9S, i, 217, Hull Soc. Chini. 19011, 

«, K22; Cliem. Zentr. 19011, 80, I, 1477, Jalir. Cliein 1909, 62, It, 1029. B. 
Ciuignet (Compt. rend 88, .jlM). J. C S. 1S79, 36, 002) has deserilu'd products 
formed by treatment of coal with nitric acid. Oxvpicric acid is one product. 
G. Schultz (li. P. lll.Sti.S, 19')fi.S.A, 1907; Can P. 111(502) has patented the 
nitrated pnxlucts of solvent naphtha 

2. (1 Silberrad. E. P. 12«K), 1911; abst. J. ,S C I. 1912, 31, 1009; 

C. A. 1912, 7, Z.W; Chcni Ztg Rep 1912, 37, .'id. .See also E. P. 12801, 

1911; abst C. A. 1912, 7, 2,W, J K C. I. 1912, 31, 978; Chem. Tech. Rep. 
1912, 37, 20 E. P 19281,1912. C. H P. 10927.28. 1914. Nitrol is gclati- 
nizcil by soluble nitrocellulose. I.usol is nitrated aromatic coal tar hydro¬ 
carbons (E. Raynaud, K P. 44978,), 1912, J ,S. C. I 1912, 32, ;)09) 

2, In connection with this topic see V Ansay and C. Narnechc, E, P. 
19992, 1907; abst, J. .S. C. I. ]iK)8, 27, 524, Zts .V-hirs.s Sprung 1908, 3, 
2,20,270 F. Ochre, E. P 242, liW8, abst. C. A 1909,3,1.292. O. .Sillicrrad, 
E. P. 799, 1912; abst C. A. 1912, 7, 2;t01; J. .S. C I. 1912, 31, 10,25; Chcra. 
Ztg Rep. 1912, 37, 221. H. Cosway. and linited Alkali Co, E. P. 8084, 
1912; abst. C. A. 1914, 8, 2()(I2; Chern. Ztg. Rep. 1914, 38, 2,22. A. Flexer, 
E. P. 16031, 1913; abst, J, 8 C. I. 1914, 33, 247. C. Uistler, E Blcchcr and 
C. Lopez, F. B. ,280996, 1907; abst Mon. Sci. KXW, 71, 10; C A. 1909, 3, 
1690 Roth, D. R. P. .29.211, 1880, abst Wag. Jahr. 1887, 33, ,272; Mon. 
Sci. 1888, 32, 1.232. The method of the Satanitc Powder Co, (E. P. 7719, 
1911; abst. C. A, 1912, 6, 2842, J, S C. I. 1911, 38, 1188; Chem. Ztg. Rep. 
1912, 36, 531; Zts. Schicss. Spreng. 1912, 7, 81) relates to nitrated mixtures 
of resin and starchy mjiterials for use in explosives, and coasists in the fol¬ 
lowing process of nitration. Resin and starchy material, such as finely 
ground wheat, are mixed together with boiling water; the mixture is Ideated 
partially to cook the wheat, and nitric acid is added, or nitric acid is added 
without prior cooking; the mass is stirred, until it ceascs*to give off fumes of 
nitrous oxide, and then immediately washed with hot water, which maintains 
it in a pasty condition. The product thus obtained is said to consist chiefly 
of oxidized resin and to contain practically no nitrogen. When the mass has 
moled and become dry, hard, and crysUUine, it is crushed for admixture 
vith ingredients such as a chlorate and a solvent such as wood alcohol. 
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As far back as 1859 nitrated white pine sawdust was patented 
as a useful waterproofing composition. Twelve years previously, 
C. Mosander nitrated cut straw in an unsuccessful attempt t( 
prepare a suitable propulsive powder. E. Cotte’ purified th( 
.straw before nitration, by digestion with soda solution and pulp¬ 
ing, claiming for the nitrated straw an increased stability due to 
the presence of silicic acid in the fiber. The straw nitrocellulose 
of J. Lanffey and J. Renard,’ and patented under the name 
“Paleine,” contained potassium nitrate, charcoal, dextrin and 
nitroglycerol in addition. Dolliak* as the result of an extensive 
investigation of nitrated straw, concludes it is impossible to obtain 
pure cellulose from straw fiber, as there always remains fat, wax, 
resins and proteins which, when nitrated, give rise to products 

1. J. Mackintosh and G. Rhodes, li. 1’. 7.'14, 18.5!). 

2. Octvers. af. K Vet. Acad. Forhandl. Ill, 2iK); Berz. Jahr. Chetn. 
1848, 27, 418. P. Maxnicr and h. Docrllinxer (H. P. 47U, 1878) have dis¬ 
closed a method for the nitration of flax. .See H, Vieira, K. P. 4220<)4, l!)l(). 
K. P. 2!)r>82, 19H); abst. J. ,S C. I. 1!)U, 30, 48.5 P Germain, Belg. P. 
181747, 1905. J. Poltzcr and F. Scheys, Belg. P. 191072, HKIO 

3. U. P. 3119, 1878; abst. Wag. Jahr 1879, 418, J. C. ,S. 1879, SO, 
422. Prepares nitrocellulose from "various straws, such as coni, rye, barley, 
oats, and buckwheat ” The straw is boiled with an alkaline* carbonate, 
triturated, washed and manufactured into a sheet by a paper machine. The 
sheet is cut up into small pieces, which arc immersed for three or four hours 
into nitro sulfuric acid, then washed and dried. The little pieces are then 
steeped in a solution of nitre and dextrin containing charcoal in suspension, 
drained and again dried. A "dynamite" may be prepared by mixing the 
crushed straw nitroccllniose with nitroglVccrol. The inventor claims that 
the straw nitrocellulose is much more stable than guncotton, a result that he 
attributes to the silica contained in the straw, which he considers to play a 
part analogous to that which it fulfils in dynamite. Cora straw, as con¬ 
taining most silica, is most suitable for manufacture 

4. D. R. P. 1211.5, 1880; abst J. A. C. S. 1881, 3, 76; Industriebl. 
1881, 95; Chem. Tech. Rep. 1881, 20, 1, 148; Dingl. Poly. 1881, 240, 31; 
Bull. Soc. Chim. 1881, 35, 287; Chem. Ind. 1881, 4, 55; Wag. Jahr, 1881, 
27, 331; U, S, P. 276833. F, P. 124789. .Belg. P, 49853. K. P.-3119, 1878; 
abst. Dingl Poly. 1879, 234, 253; Chem. Ztg. 1879, 3, 46-3; Industriebl. 
1879, 275; Wag. Jahr. 1879, 25, 418; J, A. C S. 1879, 1, 405; Ber. 1879, 12, 
1735; Chem. Tech. Rep, 1879, 18, I, 289; Chem. Ind. 1878, 1, 350. Aust. 
P. 5524. See also Mitth. Gegenst. Artill. Geniewesens, 1882, 276; abst. 
Dingl. Poly. 1883, 240, 427, 5(K); Jahr. Chem. 1883, 36, 1703. In F. P. 
192181, 1888; Germain patented an explosive eontalning nitrated'cocoanut 
fiber. 

5 Mitth. Gegenst. Artill. Geniewesens. 1882, 278; abst. Dingl. Poly. 
1883, 246, 509; 1885. 255, 523; Berg. u. Hiittenmztg. 1882, 119; Chem. Tech. 
Rep. 1882, 21, II, 1(6; J. S. C. I. 1885, 4, 366; Chem. Tech. Centralanzeiger, 
3, 454; Wag. Jahr. 1883, 29, 388. Sec also Wag. Jahr. 1881, 27, 334. Chem. 
Tech. Rep. 1885, 24, I. 201. Oarite. a powder proposed by G. Trench, 
was composed of a mixture of nitrite with various nitrated vegetable fibers 
and nitroglycerol. See Pochez and Piquet, F. P. 146181, 1881; abst. Mon. 
Sci. 1882, 24, 734. 
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possessing little’ stability. More recently K. Nitzelnadcl' has 
prepared nitrooellulo,se from various samples of sulfite woo<i pulp, 
bleached and unbleached, also from straw cellulose. These 
materials contain higher proportions of non-cellulose hnpurities 
than the cotton ordinarily employed in the nitrix-ellulose industry; 
.straw cellulose also possesses the disadvantage of not Ijeing readily 
wetted by liquids. The nitration experiments sliowcd that 
.sulfite wood pulp yields products containing at least as much 
nitrogen as those prepared from cotton. The products from straw 
cellulose were generally poorer in nitrogen. The solubility in 
ether alcohol of the nitrocellulose prepared from these eellulo.se.s 
was generally over 40' ^ ; in one case only was it as low as 13%. 
The films obtained on evaporating the solutions were inferior to 
those from solutions of nitrated cotton. The stability tests, 
performed, according to Will’s method, showed that these nitro- 
celluloses were sufficiently stable to satisfy official specifications; 
the products from straw cellulose showed the lowest stability. 
'I'he ignition temperature, according to Kast’s te.st, was in general 
somewhat lower than for nitrated cotton, but all the nitro- 
celluloses prepared from wood filler showed temperatures of 
ignition well above the .specified minimum limit of 1,S0°; tlie 
products from straw cellulose tended to fall below this limit. 
The yields of nitrocellulose from .sulfite w'ood pulp were lower 
than those obtained from cotton—straw cellulose gave the lowest 
yield. His conclusions are in favor of wood cellulose as a raw 
material in the nitrocellulose industry, but considers straw cellu¬ 
lose un.suitable. The disadvantages of wood cellulose, as com¬ 
pared with»cotton are the lower yields, the lower ignition tem¬ 
perature of the products and the greater solubility in ether 
alcohol. It has been pointed out that one of the chief difficulties 

1. Di.ssertation. Dresden; 'its. .Schiess. Spreng. IM12, 7, 257, 301, 
3.19, .384, 409: abst. C. A. 191,3, 7, 2.37, 892, 1011; J. S. C. I, 1912, 31, 954; 
Wochbl, Papierfabr. 1912, 43, 3488; Chem. Zentr. 1912, 83, 11, 21.57; Wag. 
}ahr. 1912, $8,1,438; Mon, 8ci. 191.3, 78, 030. Claim is made for th^utiliza- 
tion of cellulose obtained from gorse for preparing nitrocellulose for various 
purposes, in the processes of G. Horteloup (F. P. 3711.36; abst. Mon. Sci. 

1903, 59, 195. F. P. 331176, 1903 ; 3473.53, 1904; abst. Chem. Ztg. 1905, 
4, 89; J. Soc. Dyers Col. 1905, H, 86. sE. P. 26150, 1903; abst. J. S. C. I. 

1904, a,500. E. P. 21505.1905; abst. J.S, C. 1.1906, M, 441) and M. WerU 
(E. P. 12422, 1910; alxst. J. S. C. I. 1911, 30, 798; Chem. Ztg, Rep. 1911. 
35, 520; 1912, 38, 332; Mon. Sci. 1916, 83, 47; J. Soc. Dyers Col. 1911, 27, 
214). According torSci, Amer. 1917, US, 576, the beet has been used as a 
sut»titute for cotton in the manufacture of nitroceUulose. 
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in preparing nitrated derivatives from wood tellulose lies in the 
different structure of the cells of the spring and autumn growths, 
and it is possible that woods grown in the tropical regions would 
afford more uniform results under chemical treatments. 

According to a patent issued to Spooner arid the Pyroxylin 
Manufacturing Co.,' a nitrocellulose for use as an explosive for 
preparing collodion, or for making dental plates, is made by 
nitrating the fibers of the esculapius weed, the fibers being treated 
in the usual raamier. N. Ceipek' claims a mixture of 80 to 90 
parts of ammonium nitrate and 20 to 10 parts of pitrated turmeric 
as a superior safe explosive requiring 2 grams for explosion. In an 
early United States patent’ fibers of Asclcpias syriaca, commonly 
called "silk weed” or “milk weed" are described as especially 
suitable for guncotton manufacture. 

F. Greening' prepares a base by treating esparto grass with 

1 I). Bickford, .Spooner and the Pyroxylin Manufacturing Co, E. 

P. 1170, IST."!; abst. Jlcr. 187.'), 8 , 171; Wag Jahr 1X7.5, 21, ,5.12; Chem. News, 
1874, 29, 74; Chem. Tech. Pep. 1875, 14, 1, 217. 

2. E. P. 7838, 11)07; iibst. C. A. 1908, 2, 1069; J. S, C. I. 1907, 26, 
1296; Zts. Schicss Sprung. 1908, 3, 96. E. P. 9742. 9743, 1911; abst, C, A. 
1913, 7, 703; J. S. C. 1. 1911, 30, 926; Zts, .Schicss, Spreng, 1912, 7, 33. E P. 
13.549,1911; ab,st.C. A. 1912,6,352,5,4. S. C. 1. 1911,30, 1232. F.P.381484; 
abst. C. A. 1909, 3, 1690. If. S. P, 1033,537; abst. C. A. 1912, 6, 2687; Mon. 
,Sci. 1913, 79, 13; Zts. Schicss Spreng. 1913, 8, 16. Hung, Anm, C-1908, 
C-1909, 1910. E. P. 428748, 1911, and addn. 14417 thereto The original 
material (J. S. C. 1. 1911, 30, 92 ()) was called “titaiiite,” and manufactured 
at Corey, Pa., by W. A. Clark ICxplosIve Co. 

Turmeric, preferably in powder and previously extracted with hot water 
to remove the coloring substances is dried and treated with a nitrating mix¬ 
ture composed of of nitric acid, 45.5% sulfuric acid, and 21.5% of water, 
the mixture being used preferably in the proportions of 10 parts by weight 
to one part by weight of turmeric. The finely ground, and sifted material 
is added in succe.ssive small quantities into the nitrating acids with constant 
stirring until a uniform mixture results. When the entire quantity of the 
treated material lias l>een introduced, an equal quantity of cold water is 
then added whereupon the stirring is interrupted and the whole mixture 
left to rest until a powder of light yellow color has been precipitated. After 
the reaction has subsifled the acid Is drained off and the nitrated body washed 
and dried. In this manner, according to the claims of the patentee, a product 
is obtained which is insensitive to blows or shocks. See also P. Caminada, 
K. P. 67m. 1914. 

In the process of A. Bang and C. Clolus (E. P. 1811, 1881) cotton, 
flax, hemp, jute or other vegetable fabrics are treated with a mixture of 
nitric ond sulfuric acids. The acid bath is of such strength that the materials 
are not rendered explosive, the cellu'fose being only partly nitrated. The 
materials so treated can be dyed like silk, wool, etc., with aniline dyes, indigo, 
or litmus, without the use of mordants. 

3. J. McLean, U. S. P. 47316. 1865. 

4. E. P. 5344, 1899. This process is anticipated by that of S. Mackie, 
C/Paure and G. Trench, E. P. 2742. 1876; abst. Be^ 1876, $, 650; Dingl. 
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a mixture of fuming nitric and sulfuric acids, washing, neutraliz¬ 
ing and finally drying, which is then dissolved in amyl acetate 
and used as a liquid coating or varnish, ^^sparto grass' ramie,* 
rhea, china grass,’ homy materials,* sisal,’ cottonseed hulls' 
are among the materials which liave engaged the attention of 
investigators from time to time as ixissible substitutes for cotton 
cellulose for nitration purposes. 

R. Bernstein’ employs the solid fruits, nuts, or nut shells of 
Poly. 1876, 2Z1, 94; Dcut. Industrieztg. 1876, 228; Wag. Jahr. 1870, 22, 
479, Bayer. Ind u. Gewerbebl. 1870. 141. For treatment of esparto accord¬ 
ing to the process of L. Trigos, .see F. P. 4800(Xi, 1910; abst. J. 15. C. I. 1917, 
3fi, 131. 

1. W. Henley and 1). Spill, F,. P. 1017, 1870; abst. J. S. C. I. 1893, 
12, 709; Mon. Sci. 1913, 78, :}92. He had difficulty in removing .silica from 
the esparto. See Jour. Chem. Soc. 1894, 89, 137. C. Hengst, E. P. 18002, 
1898; abst. Mon. Sci. HHK), S6, 131; J. S. C. I. 1899, 18, 787. 

2. E. Nowicki, F. P. 402197, 1909; abst. Rev. Chim. Ind. 1909, 20, 
325; J. S. C. I. 1909, 28, 1274. Bcig. P. 21,5602, 1909. 

3. L. Deitz and B. Wayne, U. S. P, 13.3969, 1872, At the time of 
the issuance of this patent, both DciU and W'aync were associated with 
Hyatt in the billiard ball htisiness. At that time it was found that billiard 
balls made substantially wholly of nitrocellulose would soften by impact and 
in order to produce a hard pyroxylin they were led to undertake these ex¬ 
periments with ramie, rhea and China grass. They claim that pyroxylin 
made from ramie will always be of uniform strength and solubility, and that 
in making collodion from this pyro.xylin a much .smaller quantity of solvent 
is required than for pyroxylin made from cotton. Subsequent experiments, 
however, have not corroborated their contention. 

4. L. Notelle and h. Lerotix, F. P. 347702, 1904; abst. J. S. C. I. 1905, 
24, 4.50; C. A. 1907, 1, 603; Mon. .Sci. 1900. 8S, 143. They submitted hora 
to the action of nitric acid to obtain a jnoduct analogous to nitrocellulose, 
in which the hom was washed with dilute alkaline water, and left for one or 
two months in a bath comprising water 95.5, nitric acid 2, sulfuric acid 0,5, 
and zinc chloride 2. After thoroughly washing and soaking in a solution 
of water SJ, tannin 2, alcohol 20 and dextrin 50 for eight days, the product is 
drained and then dried. 

5. R. Itollins and T. Taylor, E, P, 23192, 1908; abst. J. S. C. I. 1909, 
28, 1270; C. A. 1910, 4, 1.544; J. Soc. Dyers Col. 1910, 28, 13, 

6. C. Hengst, E. P. 13056, 1888; abst. J. S. C. I. 1889, 8 , 478; B. P. 
20978,1890; abst. J. S. C. I. 1890,8,325. 

7. E. P. 5055, 12778, 188,5; abst. J. S. C. I. 1886, 8 , 616; 1887, 8 , 225, 

U. S. 363197, 1887; abst. J. A. C. S. 1887, 9, 126. F. P. 172309, 1885; abst, 
Mon. Sd. 1880, 28, 843. D. R. P. 36061, 1885; abst. Jahr. Chem. 1886, 
», 2081; Ber, 1886, 19, 6.36; Wag, Jahr. 1888, 12, 319. Belg. P. 70885, 
1885. It P. 19109, 1885. Span. P. 8178, 1886. * 

E. Hartis (E. P. 13691, 1912, abst. C. A. 1913,7, 4050; J. S, C, 1,1613, 
^ 748; Chem. Ztg. Rep. 1613, 17, 562) proposes to utilize the whole of the 
ivory nut especially that which has hitherto been discarded as waste material, 
in which he grinds the vegetable ivoty tost powder and this in turn is farmed 
into a plastic condition by the addition of viscose with a sufficient amount of 
water; the plastic mass being pressed and molded into convenient shapes for 
the fonnatian of the articles desiied. The articles are finally dried by ex¬ 
posure to the atmosphere at normal temperature, being fin^y heated to 
about 100°. % 

Tlie average composition of vegetable ivory is shown by the following 
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trees of the palm species, particularly the prodact of "Phytelephas 
macrocarpa,” usually known as vejjetable ivory and of several 
species of “Matiritia,'^ or the sawings or turnings of these, which 
are pulverized,- boiled in alkalis, washed with water, and then 
nitrated in the usual manner. The powder thtis obtained may be 
used for the manufacture of celluloid. The use of nitrated 
vegetable ivory as a smokeless powder constituent-was patented 
in 1K91,' and for dynamite in 1915.- 

A. Hart’ has described nitrocclluloses prepared from fdjers 

analysis. 

Moisture (loss at 7.')'^ after 18 lioiiis) ' 0 7% ■ 7 ^ 

Kther extract ... . 1 

Extraction with 100 volumes of water _ 0'!,', -7*,'„ 

Extraction of hydrochloric acid (I to 10) . 2% - 2 

HydrolysisItwith HCl (2 cc HCl loJj^JoO^cc. 

water, boiled 20 minutes). 12^'^, -ir)';(i 

Residue . . 05Vc -70'’(. 

AccordiiiK to 0 (Uittmaiin (Din;^!. Polv 1888, 2W, 510, abst. J. vS. C I 
1888, 7, r)88.,Rev.'Chim Ind 1800, 1, 105; Rev Sci 1880, 44, 220, Tech 
Chcm^Jahr.H880. U, 182; Chem liui 1888, 11, 550; Chcni Tech. Rep 
1888. 27, ir,l_225)^a*vcKetal)lc ivoiy cxiilosive known as Meganite consists of 

Ndrocclliilosc from 


Megaiiite No 1 

Nitro- 

glyccrol 

60 , 

Wood 

10 

Vegetable 

lv4)rv 

10 

Added 

Powder 

20 

Meganite N<» 2 . . 

28 

() 

() 

.50 

Megaiiite No 2 

7 

•0 

!♦ 
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I'he added powder w'as for No 1. NaNOi, for Nos 2 and 8, NaNO.r 
75‘ ,'); NuiCOa \'/,, wood meal or rye meal 24%'i. 

1. Dynainit Actienges. Nobel, b'. I’ 172200, 18,85, alist. Mon Sci 

1886, 2S, 842. F F. 186801. 1887, al)st Mon Sci 1888, 32, 882, E. V. 

6120, 1801;ab.st J S. C I, 1802, 11, 267. 456 

2. C. vStine. V. S. F. 1142.220, 1015, abst C. A. 1015, 9, 2.21.2, J S 

C. I. 1015. 34, 852. Chem Zlg Rep. 1016, 40, 242 H. S. P. 1212650; abst 
C. A. 1910.13,2762. Iv F 142202, !0l0>abst. J S. C T 1020,*39, 460-A. 
Can. F. 108328, 1020, nitrates hennceliidose such as is obtaincnl from ivory 
nut, and uses as a detonator charge together with TNT, picric acid, lead 
azide and mercury fulminate. Nitrated hemicellulose is said to be especially 
•suitable for detonating dvnaiiiito For “nitro-semicelhilose,” see V^reinigte 
Kdln-Rottweiler Fnlverfabnken, Iv. F. 512t>, 10(41; abst J S. C I. 1904. 23, 
560; Chem. Ztg 1005, 29, 751; E. F 20.27, 1014 • ® 

2. K. F. 18606, 18t)07, 1010; ab.st. J. S. C. I. 1011, 30, 1446; C. A. 

1912, 6,l 1521; Chem. Ztg. Rep 1012, 36, 12; J. Soc Dyers Col. 1012. 28, 
44. Belg. F. 227804, 1011. In A Hurt, K. F. 18607, 1010 (abst. J. vS. C. 1. 
lOU, 30, 1448; C. A.' 1012, 6. INH; F. F. 422012, 42.2012, abst. J. S. C. I. 
1912, 33, 122, 11.3.2; Mon. vSei. 1012, 78, 21) fabrics, yarns, paper, leather 
and cords are waterproofed by treatment with a composition consisting of 
non-explosive nitrocellulose desciibe<\ above, dissolved in ether and methyl¬ 
ated ^irit, mixed with (he oil described in E. P. 1F140, 1000 (ab.st. C. A. 
1009.4, 2385. abst. 1911,5,1202) and diluted with methylated spirit. Forfire- 
proohng, sodium tungstate is mixed with a little of the oil and added to the mix- 
ti^, and for coloring, a pigment is powdered, boiled in waVer, separated, dried, 
imed with a litUe metliylated spirit and added to the composition. 
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■siicli as those of Poseidonia .\ustralio (Cafotropis giKaiitea) and 
hemp such as "Sansevicria" hy frceiii); tliem from jpims by-soak- 
ing them in water or boiling with alkali, steeping the gum-free 
fiber in dilute sulfuric acid, washing, dsying, garnetting, and 
nitrating, and after pressing out excess of acid, again washing and 
finally drying. 

A. Carneiro' has conducted extensive investigations of fibers 
and flower stalk of .\ga\e Americana ;uid Agave I’rostrata, and 
collected a great number of aga\e filx-r aiial>'.ses which are 
published by K. Braun, in “Pflanzer." It was found that the 
cellulose projiortion of the agave \aries between (it.li' ,', and 
s->. 1' ; and the a»h from 2 (1-1 2..SII', . The author has also made 
as pure cellulose as possible from the flower stalk and nitrated 
these; be gi\es the details of nitration and the constants of 
products obtained in table form 'The fiber was scoured with 
sodium carbonate, bleached and nitrated in a mixture of I part 
nitric to 2 parts sulfuric acids, the nitrogen content of the re¬ 
sulting product varying within the limits 11.,')- 12.1' ,'. 

1 he process of [. Wilson- relates to the preparation of fibrous 
material from the jilant Baubinia t'ahlii, the dried stems of which 
are rubbed betwetii roughened rollers which have a rotary and 
longitudinal rcci()rocaling motion to disintegrate the fillers and 
si'iiarate the bark, 'fhe fibers are washed and treated with an 
oxidizing agent and after drying are then said to be applicable for 
the preparation of nitrocelluloses. 

It. Kolf’ proposes to nitrate malt grains, malt meal and waste 
products from ash, moss, lieets, bread fruit and althea root, while 
b,. Kopp'' apparently was serious when he proposed to nitrate 
sheep's wool, as was Bochez and Piquet when they dcscrilied 

I. zts .Schifss .Spiciig. l!IO!l, 4, 10.'!, J S C. I. I'KW, 28, .TSd; Jalir. 
Chem I'.K)!), 62, It,Clii-in Zcnlr 190!), 80, I, Ull!, C. A. 190:-), 3, 1928 

2 i; I* 12.s;!2. 1880 U K I> 021,59, 1891. 

:i U 1< 1>. .KITSO; ahst Wag. Jalir 1M!)1, 37„ 434; Zts. aiig. Chem. 

1891, 4, 300, Jahr. ,Clu-m. 1891, 44, 2007, Her. 1891, 24, lOO.a-R, Chem. 
Ztg. 1891, 15, 904; Chem Tech. Rep. 1891, 30, I, 219; Bull. .Soe. Chim. 

1892, 40, 37: Meyer Jahr Clu-m. 1891, 1, 330. D. R, I'. 621.)9; abst, Zts, 
ang. Chem 1892, 5, 135; Chem Ztg 1S!)2, 16, 902; Chem. Tech. I»p. 1892. 
31, It, lfl,j, Chem. Ind. 1892, 15, 377, Wag. Jahr. 18t2, 38, 377; Ber. 1892, 
25, 711-R. Industriebl. 1892, 247; Tech. Chem. Jahr. 1892-3, 15, 174 Meyer 
Jahr. Chem 1892. 2, 303. 

4. Mon. Sci 1874, 16, 499, abst Wag. Jahr. 1874, 423. Ointl (Ber. 
ueberdie_Zuemlwarrenl874,31)allegesthcwoolisnitrated. V. de Cornelian 
(E. P. 852, 1802) has patented a method for preparing guncotton from the 
waste silk libers remaining in cocoons. 
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methods for the nitration of animal refuse and the waste silk 
fibers remaining in cocoons after the long fiberji,have been re¬ 
moved.* The method of J. Cochran,^ for the utilization of the 
fuzz from cotton seed Ijulls for formation into cellulose useful for 
the manufacture of nitrated products, has received serious con¬ 
sideration. Cochran obtains the fuzz from cqfton seed hull by 
removing all of the .staple fiber and lint from the seed and then 
mechanically/cclaiming the fuzz in a pure and unchanged condi¬ 
tion. The fuzz is subsequently bleached and nitrated in the usual 
manner. Difficulty has been found in the nitration of cotton seed 
fuzz in obtaining first, acceptable yields, and second, a product of 
desired stability. , 

In the utilization of flax, hemp, jute and ramie for the prepara¬ 
tion of cellulose suitable for the manufacture of collodion, cellu¬ 
loid and guncotton,* A. Bouret and F. Verbiese soak the fiber 
first in a dilute solution of sodium carbonate, then in bicarbonate 
of soda, the material meanwhile being agitated by a rotary stirrer 
operated by mechanical means from the outside of the vessel. 
The process is completed by .subsequent bleaching and drying. 

W. Bales'* has described a fuse which is prepared from nitrated 
flax or hemp fiber saturated with potassium nitrate, chlorates, 
chromates or picrates. 

The process of the Gocher Oelmiihle* is simitar. A. Vour- 
nasos* nitrates the tow obtained from the stems of Hibiscus 

1. F. P. 14C181, 1881; ab.st. Mon Sci. 1882, 24, 734. 

2. K. P. 121)20, llKXi; abst. C. A. 1907, 1, 2,512; J. S. C. I. 1907, 2S, 
77.5. G. Audemars (U. P. 28.3, 1855) proposed the fibers and bark of the 
mulberry tree, espeeially for artificial silk formation. Reeves and Mus- 
champ (E. P. .3293, 180ti) proposed rags and vegetable fibers treated with 
soda, and then pulped and formed into sheets. Cotton lint from cotton seed 
hulls was proposed by G. Mowbray (E. P. 20978, 1891) and Arkins (E. P. 
70,58, 1903) and machinery for preparing this material was ifivented by 
Minck & Bremer Baumwolle Akt Ges. (E. P. 12718, 1900) and Cochran 
(E. P. 12920,1900). Pipitr (E P. 1893.5, 1895) advocated alder wood shavings 

.3. E. P. 24768, 1898; abst J S C. 1. 1900, IS, 42. E. P. 27303, 1910, 
J. Ren6. described the tVeatment of kapok for nitrating, which is pjeJ in 
ethereal solution. W. Thompson, W. Severn and G. Twycross (U. S. P. 
1,302455, 1919; abst. J. S. C. 1. 1919, 38, 480-A) claims the use of nitrated 
baobab wood or fiber for nitrocellulose. 

4. D. R. P. 185;?. 1877; abst. Wag. Jahr. 1878, 24, 466; Chem. Ind. 
1878, 1, 275. For nitration of fibers of tilex Europens, see G. Hourteloup, 
F. P. 327136.1902; 331176,1903; 347533,1904; abst. Mon. Sci. 1903, *9, 195. 

5. F. P. 366125; abst. J. S. C. J. 1906, 25, 1001; C. A. 1907,1, 2432; 
Mon. Sci. 1907, 67, 102. See also E. P. 3211, 1906; abst. J. S. C. I. 1906, 
25, 865; C. A. 1907, 1, 640. Belg. P. 190009, 190154, 1906. 

6. E. P. 9547, 1914; abst. C. A. 1917, U, 539; J. S. C. I. 1917,36,164. 
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Cannabinus and its various species of the natural order Matvacae, 
the tow bekp obtained by rendering the green stems, preferably 
by steeping them in running water, then by scutching and combing 
and finally exjjosing the newly combe^ tow to sunlight.' A 
fine and white nitrocellulose is claimed to result Ijy subjecting 
this tow to a preliminary bleaching with chlorine iuid nitrating 
in the usual manner. 

J. Bourbon and P. Gassier,’ P. Joliot’ and A. Bloch' describe 
artificial cotton claimed as suitable for the preparation of cellulose 
nitrates of low and high nitration made from the cellulose of the 
fir tree freed from bark and knots.'’ The Australian Grass Tree 
Gumleaves «of plant and trees l)elonging to the Australian 
Eucalypti and the Australian Melaleuca,’ by treatment of the 
brittle vegetable fibers of kapok“ and of certain Musinees and 
Spagnees* togetlier with the pith'“ and stems of maize" arc examples 
of the versatility of vegetable products which apparently have 
been .seriously considered as a substitute for cotton in the forma- 

1 E. P. 17.'M8. 1914; abst. C. A. 1917, 11, XiO; J. S. C. I. 1917, 3S, 
l,'ll. .’10 parts by weight of the libcr-s are inmicrsed in a mixture of 2,50 parts 
of HNOj (sp. gr. 1.38) and ,500 parts HaSf), (sp. gr. 1.82) for 24 hours at 15®. 
Either the crude or the bleached fiber may Ik- used. The i)roduct, called 
"cellulose vournasos, is a pure, white nitrocellulose, and of unusually 
high stability. 

2. F. P. 429679, 1911; abst. J. Soc. Dyers Col 1911, 27, 224, 

3. F. P. 469441), 1913; abst. Mon. Sci. 1916, 83, 05. 

4. F, P. 447068, 1911. 

5. J. Frank. Inst. 1904, 158, 407; Jour. S<k. Dyers Col. 190.5, 21, 46. 

0. Powerite Explosive Co., E. P. 19267, 1914, abst J. S. C. 1. 1915, 

34, 890; Mon, Sci. 1917, 84, 80. See also E P. 17;i07, 1913; abst. J. S. C. I. 
1914, 33, .569. The preferred composition of the explosive is: nitroglycerol, 
40; nitrocellulose and nitrated Australian grass tree gum, 20 each; cMcium 
picrate, 2; potassium nitrate, 10; wood meal, 3; and castor oil, 1 part. 

7. T. Kelly, G. Bell and R. Kirk, E. P. 8680,1899; abst. Arms and Ex- 
plos. 189% 7, 195; Chem. Ztg, 1900, 24, 739; Mon. Sci. 1900, 58, 21. H. 
Nishida (Kogyo-Kioagaku Zasshi, 191.5, 18, 18; J. Ind. Eng. Chem. 1916, 
8, 1096; C. A. 1916, 10, 966; 1917, 11, 209) has given the aiudytical constants 
and yields of cellulose nitrate prepared from unsized tissue papers made from 
mitsumata and from mulberry fibers. Nitration products of the former 
are of good quality but yields are lower than for cotton. Results from mul- 
berry"are said to be fairly good. 

8. E. Stark, U. S. P. 1006142, 1911; abst. C. A. 1912, 8, 161. 

9. H. Leuschel, D. R. P. 105877; abst. Wag. Jahr. 1899,‘AS, I, 422. 
E. P. 8409, 1899; Zts. ang. Chem. 1899, 12, 1064;*Chem. Centr. 1900, 89, 
I, 495; Jahr. Chem. 1899, 82, 1.306; Chem. Ztg. 1899, 23, 1062; Mon. Sci. 
1900. 58, 131. J. S. C. I. 1899, 18, 858, 

10. H. WUey, U. S. P. 673070,1*01; abst. J. A. C. S. 1902, 24, 65. 

11. F. Stewart. U. S. P. 1017023, 1912; abst. J. S. C. I. 1912, H, 279; 
C. A. 1912, 8, 930. 
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tion of cellulose nitrate products, and especially plastics. 

E. Omar* in his .series of recent patents, has dtsjcribed nitro¬ 
compounds prepared by nitrating lignone sulfonic acid or its 
salts obtained from wastj sulfite cellulo.se lye, the process being 
effected by (y)ncentrating the lye free from ligneous .sulfonates 
and nitrating with nitric or mixed acid. The lytro-compounds 
are precipitated or arc separated by the addition of sulfuric acid, 
being subsequeptly neutralized by washing. 

The explosive Titan has been described as vegetable filK-r 
rendered explosive by treatment with nitrating acids.* 

C. Miiller’ has described the preparation of artificial silk, 
photographic films and similar cellulose products obtained from a 
cellulose solution formed by either dissolving the be.st sheet fibers 
obtained from hop runners in copper oxide ammonia or in a 
mixture of nitric and sulfuric acids. 

A. Hart' prepares nitrocellulose from the fibers of Poscidonia 
australis and sansenviera, by freeing them from gums by soak¬ 
ing in water or boiling with alkali, steeping the gum-freed fiber 
in dilute sulfuric ;wid, dry, garnetting, and nitrating, h'ibers 
from the plant “Hcdychinm coronarium” have also been sug¬ 
gested.'’ 

None of the products above d(;scribed have entered the com- 

1. K. P. UW()4!», Kwn.'ii, l(B(j.T.3, UWti.M. U):l(i.0.s, 1!»17. ahst 

C. A. 1017, U, 17-10, 17.K); J S. C I. 1018, 37, 121-A, 140 A, Oll A; Clicm. 
Ind. 1018, 41, MO, Moii. .Sci 1018, 85, 7,7 

2. C. Dittinar, lb .S, P. MAtO.'i, 187.'! 

8. K. P. 70.70, 1012; ahst. C. A lOKi, 7, 28.70, J .S C 1. 1018, 32, 
133; J. Soc. Dyers Color. 1012, 28, 104; 1018, 29, 01. D. K. P 2,708,71, 
1011; ahst. C. A 1013, 7, 1,802; Kuiist, 1013, 3, 70, 0.7; Zts ang. Chem 1018, 
26, 1, 175; Chein. Zentr. 1013, 84, I, 807, Client. Ztg. Rep. 1013, 37, 110 

4. E. P. 18000, 1010; ahst. C. A. 1012, 6, 1.781; J. ,8. C. 1 1011, 30, 
1446; Chem. Ztg Rep. 1012, 36, 18. See also K. P. 327130, 1002; 331170, 
1003; ahst. Mon. Sci, 1003, 59, 10,7 F P 433012. 483013, 1011, ahst. J .S 
C. I. 101!, 31, 124. E P 18007, 1910; ahst J. S. C, I. 1011, 30, 1448. Ital 
P. 12,7103. 

5. Faria & Co, E. P. 20,782, 1010; ahst J. ,8. C. I. 1011, 30, 487 H. 
Davoiiie, F. P. 470000, 1014; ahst J. S. C. I. 1015. 34, 172; Mon. Sci 11^10, 
83, 65. 

According to L. Vigiion and P. Sisley (Bull. Soc. Chira. 1801, (3), 6 , 
808; J. C. St. 1802, 62, 1111) when silk is immersed in ordinary nitric acid 
(sp. gr. 1.133) at 4.7° for'one minute, and is subsequently washed in water, 
it is colored intensely yellow, and the color is unaffected by c.\posure to air 
and light, while it is deepened by the action of dilute alkali solutions. Nitric 
acid free from nitrous compounds docs mot cause this coloration, which is 
found to vary in intensity directly with the amount of nitrous compounds 
present, and with the temperature and specific gravity of the acid used. The 
deepening of color by alkaline solutions is independent of their causticity. 
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mercial field' as serious competitors for the preparation of nitro¬ 
cellulose. 

R. Robrecht' treats Sbnn hemp for* 12 hours at 2.')° or under 
with a mixture of 3 volumes of concentrated HfSO, and one 
volume of concentrated HNOj; changing the fibrous nitrate to an 
impalpable powder by solution in sulfuric acid and precipitating 
with water; finally drying and gelatinizing with acetone. 

Recently B. Smart,- and with B. Pecover^ have made a 
critical study of the possible utilization of the filjcrs of marine 
fiber {Poseidoma auslralis) for the manufacture of nitrocellulose. 
'Phis aquatic plant is obtained by dredging to a deptli of 7 feet 
from certain flats on the shore of Spencer's Gulf, Australia. 
When nitrated in the usual maimer, a yield of 72''() of a 12.3% 
N product was obtained, which gave quite satisfactory heat tests 

wtiilc tile >ilk iiicrea'^os in weiglit and takes up a eertani amount of the base. 

Silk triati’d witli a mixture of liyrlrocliloric acid and smlium nitrate is 
ctilorcd j)ule yellow, the color is rapidly browned on exposure to air and light, 
or by the action of boiling water or alcohol, while cold alkaline solutions turn 
It rcddisli brown Silk which has Ik-cii subjected to the action of nitrous acid, 
or of nitric oMfle, in an atmosphere of carbonic anhydride, and subsequently 
well washed, is colorless, lint is colored a stable yellow by nitric acid. Nitric 
peroxide colors silk yellow at once. Silk heated with nitrous acid, and then 
o\idi?e(l with potassium permanganate and hydrochloric acid, is colored 
exactly as by nitric acid (impure), from which it seems that the yellow colora¬ 
tion is dependent on the action of nitrons compounds, and subsequently 
of an oxidizing agent. 

The yellow color is discharged by acidified stannous and chromous 
chlorifle solutions. Analyses of the intiated silk show that al)OUt 2% of 
nitrogen is fixed In the reaction, probably, primarily, as the nitroso group, 
which the further action of the nitric acid converts into the nitro group, 
a carboxyl group l>eiiig displaced The pioperties of the product somewhat 
rcsemlile Millon’s xanthoproteic acid, but this contains more carbon and 
le.ss nitrogen, and results from a more intense action. Sulfuric acid dis¬ 
solves ordinary silk gradually to a slightly colored solution, whereas nitrated 
silk is converted into a pale yellow viscid mass. Aqueous potash dissolves 
ordinary silk in the cold, and nitrated .silk on heating; neither solution is* 
precipitated by dilution with water, aiul Iwth evolve ammonia when heated. 
Doth varieties of silk are fiivsclvcd liy hydrochloric acid and by zinc chloride 
solution * 

Ammoniacal vapors arc evolved on distillation of each variety, and a 
carbonaceous residue is left. For nitration of horn, see K. P. JW7702, 1904; 
abst C. A. 1!K)7, OI.'J; Mon. Sci. 1906, W, 14^. For the conversitm of 
fibroin into nitrofibroin (fibroin-xanthoproteic acid), see T. Johnston. A. Hill 
and I O'Hara, J. A. C. S. IWIf), 37, 2170; abst. J. S. C. I. 1915, 34, 1047. 

1 E. P. 8004. 19(H5; abst. C.M. 1907. 1, 8f)0; J, S. C. I. 1906, 2S, 1068; 
Zts. vSehiess. Spreng. 1907, 2, 12. F. P. 364973, 1900; abst. J. S. C. 1.1906, 
25, 953; C. A. 1907, 1, 2959; Mon. Sci. 1907, 67, 122. Dan. P. 8910, 1906. 

2. Chem. Eng. Min. Review, 1918, 16 , .'J80; abst. C. A. 1919, 13 , 262. 

3. J. vS. Q I. 1918, 37, 30()-T; abst. C. A. 1919, 13, 262; Chem. Zentr. 
1919, 56 , IV, 163. 
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and showed promise as a source for guncotton manufacture. 

0. Fiirth and E. Scholl' have reported upon the nitration 
products of chitin (see page .325), they having obtained by the 
action of fumhig nitric acid, two nitro products, one being in¬ 
soluble in the ordinary solvents, whereas the other is soluble in 
alcohol, acetone, ethyl acetate, and acetic acid, but insoluble in 
ether, petroleum etlier, benzene and chloroform. In this respect 
there is a strong analogy to the nitrocelluloses; also exploding 
witli the evolution of fire, lose their nitrogen in a nitrometer or 
by treatment with ferrous sulfate, and hydrolyze with either acids 
or alkalis. 

Pyroxylins of Low Nitrogen Content. Much experimental 
work has been recorded in endeavors to reduce both the cost and 
Inflammability of cellulose nitrate products by introducing the 
minimum amount of nitric acid into the cellulose molecule which 
will at the same time produce esters of physical properties com¬ 
mercially valuable. Kncchf' has described unstable cellulose 
nitrates prepared by treating cellulose with nitric acid of varying 
strengths (sp. gr. 1.1-1.41.5), the neutralized products containing 
3.()%-35.8% nitric acid in combination, equivalent to 0.7%- 
8.0% nitrogen.’ A. Voigt’ obtained gelatinous products by com¬ 
bining both the nitrating and pulverizing processes in one. He 
immersed cotton in 07 parts cone, sulfuric acid and 3 parts nitric 
acid at 2‘’-3°’ and obtained after neutralization and drying a very 
fine powder of high stability, which the patentee considers very ad¬ 
vantageous for the manufacture of shooting and blasting powders 
and of lacquers. No statements of solubility, however, are given. 

In 1908 B. Herstein* patented methods of formation of 

1. Bcitr. Z. Chem. Physiol, u. Path. 1907, 10, 188; abst. Chem. Zentr. 
W07, TO, 11, 910; Biochera. Zentr. 1907, «, 642; C. A. 1907,1, 3020; J. C. S. 
1907, 92,1, 994, 

2. Ber. 1904, 17, !549; abst. J. S. C. I. 1904, 21, 335. „ • 

3. None were entirely gelatinized produets, and no statement of their 
solubilities is given. 

4. U. S.' P. 855869, 860776, 1907; E. P. 5126, 1904; abst. J. S. C. I. 

. 1907, 29, 780. 

5. The secured and cleaned cotton cellulose is immersed in cone, 
sulfuric acid at 2-3°, in the ratio of 5 times by weight of acid to cellulose. 
The fibers rapidly disintegrate with a rise in-temperaturei. After the structure 
has been destroyed, about 2 k. cone, nitric acid is added, the temperature 
of the rdixture being kept down by artificial means. After two to three hours 
the mass congeals into a solid cake which is washed out in large quantities of 
water and dried. Thus prepared the product is a fine powder. 

6..' U. S. P. 879871, 1908; abst. J. S. C. I. 1908, 27, 353. D. R. P. 
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structureless *iiitro derivatives of cellulose, insoluble in alcohol, 
ether, amyl acetate and acetone; containing less than 4.5% 
nitrogen, and which are transformed into a transparent or 
translucent mass by the addition of caustic scxla. The cellulose 
in the form of thin paper or cotton is immersed in an acid mixture 
consisting of about by weight of ab-solute sulfuric acid, about 
10'’( nitric acid, and the remaining 27% partly water and partly 
other inert material. This mixture may conveniently lie obtained 
by adding to Ho parts by volume of sulfuric acid 1.84 sp. gr., 
15 parts nitric acid by volume of 1.42 sp. gr. As soon as the 
cellulose is immersed, visible reaction takes place, the entire 
mass of cellulose loses its structural form, and is converted into 
a gelatinous transparent magma. It is c.s.scntial tlmt tlie acids be 
cooled to a low temperature (below 20°), in order that tlie cellulose 
may not dissolve in tfu- acid mixture, and to iirsurc that it be¬ 
comes gelatinized merely. After a few minutes’ immersion the 
excess of acid is poured off and the residue repeatedly washed with 
large quantities of eold water, pressed, and dried at a low tem¬ 
perature. 'I'he actual percentage of nitrogen varies materially 
with the method of manufacture, but is seldom over 4%. The 
most characteristic reaction of the pnxluct is its deportment 
when brought in contaet with caustic alkali solutions, in which it 
quickly gelatinizes, forming a plastic, transparent mass, readily 
moldable, and which may be diluted with water and forced 
through fine orifices. It is readily hardened or coagulated by 
treatment with weak acids, and combines with phenol, resorcinol, 
or pyrogallol, the latter property differentiating it from true 
cellulost?nitrates. J. Crane and C. Joyce‘ have elaborated upon 
this process and investigated the formula of the derivatives pro¬ 
duced and the mechanics of the several reactions. In their pre¬ 
ferred method, paper cut in small pieces is immersed in a mixture 
of 05.5% sulfuric acid, 9% nitric acid, and 25.5% water, the 

214193, 1908; abst. Wag. Jahr. 1909, 42, II, 5.5.5; Zts. ang. CheA. 1910, 21, 
384; Chem. Zentr. 1909, II, 1.398; Chem. Tech. Rtfp. 1909, 13, 627; Chem, 
Ind. 1909, 32, 706; C. A. 1910, 4, 600; Jahr. Chem. 1909, 390. 

1. J. S. C. I. 1010, 21, 540 with bibliography of 18 citations; abst. 
J. C. S. 1910, 98, i, 364; J. Soc. Dfers and Color. 1910,28,218; C. A. 1910, 
4, 3206; Jahr. Chem. 1910, 423. See also Eighth Inter. Cong. Applied Chem. 
1912, 2S, 587; abst. Kunst. 1913, 1, 313. Hake and BeU, J. S. C. I. 1909, 21, 
467; J. C. S. 190i(, 96, i, 457. Compare C. Hake and P. Louis, J. 8. C. I. 
1905, 24, 374; abit. J. C. S. 1905, 88, i, 512. C. Cross, E. Sevan and Jenks, 
Ber. 1901, 14, 2496; abst. J. C. S. 1901, 1^ i, 672. 
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ratio of acid to cellulose being at least 100 to‘'l. The tem¬ 
perature of the bath is kept at 5°-10° and 6-12 minutes the pre¬ 
ferred period of immersion.* After nitration the mass is im¬ 
mediately phwiged into cold water, and the lumps or “ciu-ds” 
obtained rapidly washed until neutral. Combustions of the 
product previously dried in vacuo at 50° to constant weight gave 
results corresponding to a mono-nitrate on a Cu molecule for 
cellulose, the yield being about 110%, against 119% theoretical 
for a mono-nitrate, thus showing considerable loss by solution 
in the acid.® It was found to dis.solve in strong acids, strong 
bases (including trimethylaminc), pyrogallol, Schwcizer’s reagent, 
and zinc chloride solutions. The anhydrous product was in¬ 
soluble in acetic anhydride, but upon the addition of a small 
amount of water, acetation en.sued and a product readily soluble 
in acetone but incompletely in chloroform resulted.® It is evi¬ 
dent that these lower cellulose nitrates have valuable possibilities. 

Recovery of Nitrocellulose. In the method of J. Delpech‘ 
for the recovery of’pure colloidal pyroxylins from their solutions 
for explosives, the collodion is treated with a liquid (e. g., water 
or chloroform) which coagulates the pyroxylins, and enables 
them to be rapidly and economicadly separated. 

In the method of the Vereinigte-Coin-Rottweiler Pulver- 
fabriken for the precipitation of nitrocellulose from organic 
solvents,® solutions of nitrocellulose in acetone or other solvent 
are diluted with water, after which an electrolyte, e. g., alum, is 
added, and the solutions are then intimately mixed with organic 

1. Decrease in temperature or time lowered the gelatinizing action on 
the cellulose. Increase in temperature gave* buttery products, partially 
miscible with water and indicating a breakdown of the cellulose aggr^ate. 

2. The sulfur was determined by the method of Hake and Lewis 

■•{J. S. C. I. 1905, 24, 376), and nitrogen by the Dumas method in preference 
to the Lunge nitrometer, the latter giving incorrect and lower results, a proof 
that the nitrogen is present in the form of nitrate-nitrogen. « 

3. It contained 2.32% N, indicating it was a completely aeetylated 
derivative of the formula CnHnOuN. similar to the aceto-nitrates described 
by fieri and 3mith (Her. 1907, 40, 903; abst. J. S. C. I. 1907, 26, 273), and 
prepared by them from cellulose nitrates of higher nitrogen content. Their 
increased reactivity with iodine, Fehling's solution and fixation of basic dyes 
showed the product to contain cellulose hydrates. In this connection see 
Ost and Westhoff (Chem. Ztg. 1909, S3, M7: abst. J. S. C. I. 1909,28, 326), 
and C. Schwalbe (Z, ang. Chem. 1909, 22, 197; abst. J. S. C. I. 1909, 28, 
218). 

4. F. P. 441655,1912; abst. J. S. C. I. 1912, 31, 955. 

6. D. R. P. 314317, 314318, 1918; abst. J. S. C. I. 1920, 38, 122-A; 
Che|n..Zentr. 1919, 90, IV, 919. 
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compounds which are insoluble in water and have a slight 
gelatinizing action on nitrocellulose. Suitable compounds are- 
toluol, xylol, aniline, methylaniline, dimethylaniline, carbon 
tetrachloride, pine needle oil, chlorofonn, and carbon bisulfide. 
The nitrocellulose is precipitated as a‘dense mass which can be 
readily mixed with the organic compounds, the resilltant product 
being employed for the manufacture of varnishes or lacquers. 
The boiling solvent is diluted with water, an electrolyte is then 
added, and heating is continued until the nitrocellulose ^ttles 
out in the form of grains, which can easily be separated from the 
supernatant liquid. The yield may exceed 90% of the dissolved 
nitrocellulose. The exploding point of the precipitated material 
is 180° or above. 

According to J. Duclaux' nitrocellulose may be purified and 
recovered from substances containing it, such as old or damaged 
powders, waste celluloid, etc., by forming a solution, e. g., in 
acetone, methyl alcohol, alcohol-ether, methyl formate or acetate, 
or ethyl formate and either purifying the solution by dialysis or 
precipitating the nitrocellulose 1^ addition of liquids which retain 
the impurities. The solution may be dialyzed through mem¬ 
branes of viscose or of cellulose precipitated from cuprammoniacal 
solution, or of denitrated nitrocellulose, under pressure equal to 
or greater than the osmotic pressure. Tlie impurities pass 
through the membrane. In purifying by precipitation, the 
nitrocellulose may be precipitated by addition of water which may 
contain sulfuric acid, or, sodium carbonate or by addition of 
organic liquids such as benzene, toluene, xylene, carbon tetra¬ 
chloride, chloroform or other chlorinated hydrocarbons. A 
quantity of benzine or other organic liquid insufficient to produce 
precipitation may be added to the nitrocellulose solution, which 
is then precipitated by addition of water. The precipitate may 
be washed and boiled with water, the vapors being condenseef 
to recover the«volatile solvents. 

The method of H. Wertheim’ is for the recovery of cellulose 
nitrate by precipitation from celluloid sqlutions, and from the 
other materials (as camphor) contained therein. The method of 

1. E. P. 130619,1919; abst. C. A. 1920, 14 , 123. 

2. Aust. P. Anra. 1756, 1911. E. P. 6268, 1912; abst. C. A. 1913, T, 
3026; J. S. C. I. 1913, 32 , 420; Chem. Ztg. Rep. 1913, 17 , 557. 
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pyroxylin precipitation of T. Castell’ is somewhat analogous.. 

In the process of J. D. for the recovery ofrnitrogen from 
cordite and its conversion into fertilizer,^ the following procedure 
is recommended: 

A metrfc ton of water is put in a shallow mixing vessel pro¬ 
vided with a Slirrer and brought to ebullition, a metric ton of lime 
stirred in, then 4 1. of pyridine, and then a metric ton of cordite. 
Shortly after," the reaction begins and in 'A hr. the surface is 
covered with a layer of saim several cm. in thickness. For about 
an hr. at this stage the reaction requires attention, being 
accelerated by increasing or restrained by diminishing the heat, 
with stirring, after which it may be left largely to take care of 
itself, it being necessary only to keep the mass in fhe condition 
of a rather soft paste by adding warm water, and to keep the 
temperature between So” and 9,5°. When by examination it 
appears that the hard cordite grains have disappeared the mass 
is evaporated, by heating for 2- 3 hrs., to a very thick paste 
containing 16-25 parts of water, when it is put into molds and 
allowed to set. The total oj)eration, cliarging, reaction, dis¬ 
charging and cleaning up ought to be corai)letcd in 24 hrs. The 
product appears as a coarse, brown powder, resembling brown peat, 
is non-inflammable, non-deliquescent and contains ()% of fixed 
N. A metric ton (2200 lbs.) of cordite gives P/4 metric tons of 
this fertilizer. This process of conversion by lime, using p>Tidine 
as a catalyst, was developed in England and it is proposed to 
apply it to the 11,000,000 lbs. of surplus cordite offered by the 
British army for sale in France. 

Uses of Nitrocellulose in the Dry State. Outside of the 
applications of the cellulose nitrates’for smokeless poWder and 
similar warlike purposes, the ramifications of which constitute 
Vol. VII of this work, the nitrocelluloses in a dry state have but 
iew technical uses and these are relatively unimportant. 

In 1877 patent protection was granted to E. ,Prentic*e* for 

1. J. Pharm. Chim. 1852, JO, 1.35. 

2. Rev. prod. Chim 1319, 22, 597; abst. C. A. 1920, 24, 842. 

3. E. P. 2768, 1877; abst. Wag. Jahr. 1878, 24, 460; Chem. bid. 1878, 
1, 205. Nitrocellulose was’early used by R. Boettger (Poly, NotizbI. 1873, 
21, No. 1; abst. Ding. Poly. 1873, 207, 201; Poly. Centr. 1873, 39, 268; Pharm. 
Centralh. 1873, IS, No. 10; Chem. Tech. Mitth. 1872-3, 22, 300; Chem. 
Centr. 1873, 44, 107; Amer. Chemist, 1873; April, 397; Wag. Jahr. 1873, 19, 
356; J. C. S. 1873, 26^ 956; Jahr. Chem. 1873, 26, 1032) in the preparation 
of red quick matches, cotton being nitrated in skeins, then impregnated. 
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the waterproofing of guncotton in order to retard its action by 
soaking with a solution of beeswax and "benzoline.” but so far 
as aware no commercial application resulted from this idea. 
The nitrated celluloses have been useef in small amounts for 
signaling purposes, it having been known for some tinfc that when 
guncotton is fired in the open air it gives rise to a brilliant flash of 
light which can be seen at a great distance and d(x.‘S not act explo¬ 
sively or give rise to a loud rejMwt unless it be confined. It had lieen 
thought that inasmuch as it could be easily stored in a wet place 
without danger and readily dried when required for use that it was 
preferable to gunpowder for such purposes. However, other 
luminous signafing chemicals have been found more efficient. 
Winiwarter’s patent for an improved chemical composition for 
making guncotton matches' and a soaking of the nitrocclluloses 
in solutions of different salts to produce colored flames and 
pyrotechnics" arc unimportant. 

Kleffel’ made the discovery that if a glass plate is covered 
with collodion and after this has become solid through evapora¬ 
tion a printed paper is pressed upon it with the hand, an im¬ 
pression of the letters is left tipon the collodion remaining which 
is readily discernible. After the complete drying of the latter 
while the impression is but imperfectly seen in transparent or 
reflected light, after breathing upon the plate, the letters being 
depressed, are rendered clear while the other portions remain 
opalescent. 

A. Brock‘ endeavored to develop parlor fireworks or 
“balloons” in which a cylinder of tissue paper is ignited and 
produces a hot air current, which, when the cylinder is nearly 

1. Pllarm. J. Trans. 12, 14.1. The match composition of Courvoisier 
(R P. 96530, 1874: abst. Bull. ,Soc. Chem. 1874, 21, 192; Wag. Jahr. 1874, 
20, 425) contains 5.5% nitrocellulose. 

2. Segurier, Rev. Sci. 28, 90; abst. Berz. Jahr. Chem. 1849, 28, 350. 

3. Pharm. Ztg., Dec., 1872; abst. Am. J. Pharm. 1872, 44, .3.56. 

4. E. P, 22988, 1900. A. Johnston and L. Dow (II. S. P. .34001, 1862) 
described the use of nitrated cloth for the manufacture of cartridges. Quite 
similar is the process of A. Tribe, K. P. 2073, 1884. .Sudheim and Koppen 
(D. R. P. 7784, 1879; ab.st. Dingl. Poly. 1880, 218, 88; J. Amer, Chem. Soc. 
1879, 1, 588; Chem. Tech. Rep. 1879, 18, 1, 280; Wag. Jahr, 1880, 28, 949) 
manufacture friction matches by covering the tips with a mixture of nitro¬ 
cellulose, copal and Canada balsam to^ender them water-proof. H. Pfiffard 
(Jahr. Chem. 1888, 41, 2904) found that pyroxylin sprinkled with magnesium 
powder made a suitable fla.shlight preparation. X. Landerer (Wittstcin’s 
Vierteljahrschr. f. Pharm. 8, 20; Poly. Centr. 1859, 28, 1697) employed gun¬ 
cotton to ignite a |prge number of candles at the same time. 
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burned away, carries it upwards, and in, Order to cause the 
"balloon” to scintillate and give off slight reports, the lower part 
of the paper tube was pipped in a p)Toxylin solution. 

In the treatment of vegetable fibers to resist direct cotton 
colors and to increase the dyeing property of a given fiber by the 
same agent to produce multicolored effects in dyeing and in 
printing, Schneider' treats said fiber, such as cotton, with three 
parts of strong sulfuric acid of 1.84 sp. gr. and one part of nitric 
acid of l..')l sp. gr. 'fhe fiber is thereby nitrated. However, 
by the addition of varying amounts of water to the nitrating 
mixture, the patentee claims to be able to produce nitrates upon 
the fiber having a decreased affinity for the direct or substantive 
dyestuffs and increased absorptive power to fix or retain the basic 
dyestuffs. 

In rendering paper moisture-proof and more-durable by in¬ 
creasing the tensile strength of the same® T. Fritsch causes the 
paper to pass through a nitrating bath whereupon it is super¬ 
ficially nitrated and afterwards washed to neutrality in the usual 
manner. 

In the preparation of separators for use in a secondary 
galvanic battery,® cardboifrd treated with a mixture of con¬ 
centrated nitric and sulfuric acids and afterwards coated with 
"silicate paint” or with gelatin hardened with formaldehyde is 
used. This process is somewhat similar to that as devized by E. 
Sperry,® who prepares vegetable fiber into a fabric for envelopes 
for storage batteries by first removing the oleaginous and .soluble 
starch matter from the fiber, then drying and nitrating in the 
usual manner, the nitration being performed with'a mixture of 
113.5 parts of nitric acid, sp. gr. 1.42, and 150 parts bf sulfuric 
acid, sp. gr. 1.84, at a maximum temperature of 78“ F. After 
nitration the fabric is washed and treated “with a weak solution 
of nitrobenzol.” * 

. The cellulose nitrates being insoluble in all the gastric and 
enteric juices, are therefore useless as substitutes for gelatin or 

1. E. P. 3645. 1907; abst. C. A. 1908, 2, 2626; J. S. C. I. 1908, 27, 
332; Chem. Ztg. Rep. 1908, S2, 180. 

2. R. P. 6590, 1906; abat. J. S. C. I. 1906, 25, 1001; C. A. 1907,1, 777. 

3. R. Fortun and E. Semprun, E. P. 8280, 1901; abst. J. S. C. 1. 1901, 
20,777. 

4. U. S. P. 723329,1903; abst. J. S. C. 1.1903, 22, 560; J. A. C. S. 1903, 
2SR, 494. 
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keratin for. the preparation of capsules to inclose medicaments for 
internal administration. 

In the formation of a compo-sitioy fuel, A. Zimmer' uses 
nitrocellulose as a binder for coke, coal or peat dust or other 
granular combustible material. The binder is dissolved in a 
solvent, which is subsequently partially or wholly evaporated. 

In an example .stated, proportions of benzol, acetone, nitrocellulose 
and pitch are mixed with coal, the product being briquetted after 
about half the volatile matters have been evaporated. Rather 
expensive fuel. 

In order tp facilitate the lighting of candles and night-lights, 
the wicks are treated or impregnated with a ready inflammable 
material as nitrocellulose, and are then re inforced with wax in the 
usual manner, the projecting end of the wick being afterwards 
hammered out in order to separate or fray out the several threads.’ 
The wicks are either treated with a solution of nitrocellulose, or 
may comprize a strand of guncotton. 

The waterproof cartridge case of Kynoch, Ltd. and G. 
Hookham’ is concerned with the waterproofing and increasing 
of cohesion in paper sporting cartridge cases by the use of nitro¬ 
cellulose. Whereas revolving brushes used in printing textile 
fabrics are usually covered with horse hair or other similar ma¬ 
terial, it has been proposed’ to replace the hairs by long narrow 
strips cut from nitrocellulose photographic films. The waste 
clippings from film manufacture, are said to be usefully employed 
for this purpose. 

The corneous mass of B. Herstcin’ comprizes nitrocellulose 
treated with alkali and then with weak acids to indurate it. 
'fhe coaling mass of S. v. Medveezky* contains small pieces of 

1. E. P. 22834, 1910; abst. C. A. 1911, 5, ;1338; J. S. C. I. 1911, M, , 
881. The artificial fuel of the American Unseed Co. (E. P. 127585, 1919: 
Can. P. 187413, 1918) comprizes nitrocellulose gelatinized with methyl 
alcohol, bringing the colloid to the desired viscosity by the addition of 

ethyl alcohol. 

2. W. Calderwood, E. P. 26955, 1910. , 

3. E. P. 21844, 1898; abst. Arms and Ezpl. 1899. T, 169. 

4. Soc. Attcm. des leagues et Papiers Photdgraphiques, A. Luffliete 
et ses fils, F. P. 350187, 1904; abst. J. S. C. I. 1906, 24, 1300; J. Soc. Dyers 
Col. 1905, 21, 354. 

8. dTr. P. 214193, 1907; abA. Chem. Zentr. 1909, W, If, 1.398; Zts. 
ang. Chem. 1910, 21, 384; Jahr, Chem. 1909, <2, II, 390; Chem. Ztg. Rep. 
1909, 31, 027; Wag. Jahr. 1909, SS, II. 566; Mon. Sd. 1913, 19, 38. 

6. D. R. P. 239773, 1911; abst. Wag. Jahr. 1911, M, II, 854; Zt*. ang. 
Chem. 1911, 24, *288; Chem. Zentr. 1911, O, II, 1601; C. A. 1912, ^;!186; 
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nitrocellulose (as celloidin) which are boiled ft an, alkali silicate 
until the solution is saturated with the soluble part of the celloidin, 
thus producing a viscid, sohition of value (?) in the arts. 

In the jnccndiary composition of A. Chanard' a small amount 
of nitrocellulose in a finely divided state isE incorporated with a 
combustible material as resin, oil of turpentine, or heavy oil of 
tar, a solvent (alcohol) common to all being used. Tlie in¬ 
flammability of the mass is augmented by introducing a com¬ 
bustible hollow cylinder, closed at lx)th ends, and containing a 
very easily inflammable liquid, such as cotton soaked in gasoline, 
and a fuse. It is intended as a filling for incendiary shells. 

J. Kessler,^ J. Schaub’ and 11. Brigham'' have all recently 
described artificial or solidified fuels of which the nitrocelluloses 
constitute an essential part. In the first process, a metallic 
powder containing bronze powder and alcohol comprizes the 
formula advocated. In the second process, a cellulose nitrate 
soluble in methyl or ethyl alcohol is specified, while in the last 
process, dehydrated ethyl alcohol 02, and acetone 14 parts with 
8 parts nitrocellulose constitute the formula recommended. 

Preparation of Acid-Proof Nitrated Filtercloth." It was 
R. Biittger who in IStiO first described the application of gun¬ 
cotton for the filtration of strong acids.® Patent protection for 
this observation, however, was made by O. Bering’ who im¬ 
mersed the cloth first in concentrated nitric acid, then in 
strong sulfuric acid.® It was found, that subsequent im¬ 
mersion in the sulfuric acid was necessary in order to preserve the 

Chem. Ztg. Rep. 1911, 35, 508. Aust. P. 5818,5, 1912. U. S. P. 1012887, 
1911; abst. C. A. 1912, 8 , 649. 

1. 15. P. 1,81644, 1918; abst. C. A. 1920, 14, 350. 

2. U. S. P. 1329610, 1920; abst. J. S. C. I. 1920, 39, 220-A. 

3. Can. P. 187413, 1918. 

4. II. S. P. 1313876, 1919; abst. C. A. 1919, 13, 27.56. 

5. Pharm. J. Trans. 2, 189; see also Neuste Erfind. Erfah. 1879, 8, 
657; Chem, News, 1860, 2, 35; 1894, 70, 38. Wilson’s Cyclopaedic Photog. 
1894, 91; Poly. Notiz. 1860, 15, 97; Ann. 1860, 114, 111; Dingl. Poly. 1860, 
155, 463;,Pharm. Ccntralh. 1860, 2, No. 44; Poly. Centr. 1860, 28, 863; Chem. 
Tech. Mitth. 1859-1860, 134. 

6. Ann. 1860, 114, 111; abst. Poly. Notiz. 1860, 15, 97; Dingl. Poly. 
1860, 155, 463; J. prakt. Chem. 1860, 79, 384; Jahr. Chem. 1860, 13, 680; 
Poly. Centr. 1860, 28, 863. 

7. Farbenfabr. vorm. F. Bayef & Co., D. R. P. 72969, 1892; abst. 
Chem. Ind. 1894, 17, 464; Ber. 1894, 27, 179-R; Zts. ang. Chem. 1893, 6, 
371; Mon. Sci. 1894, 44, 65. 

8. Parbenfabriken vorm. F. Bayer & Co., Zts. ang. Chem. 1907, 20, 
671; abst. Wag. Jahr. 1907, 53, 1, 584. 
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tensile strength of the cellulose' which is superficially nitrated. 

According to the method as developed by C. Claessen,* 
nitrated cloths for filter purposes' may bt^prepared so as to render 
them acid-resisting by first uinnersing the cloth in cold nitric 
acid of 40° then in concxMitrateti sulfuric acid of about 

(50° Bd., finally washing with water until entirely neutral. By 
this method a superficial nitration only is effected. Clacssen has 
pointed out that F. Erb;m obviously has confined his operations to 
the treatment of textiles, that is woven goods, the process fol¬ 
lowed being steeping the cotton cloth for an hour in cold nitric 
acid at 70°-lOli" Tw. and then after draining, for a similar peri<xi 
in sulfuric acid of 112° Tw., finally washing with w'ater until the 
wash water no longer had an acid reaction. Such cloths, how¬ 
ever, have been found to speedily deteriorate by use and are 
unduly costly owing to the imperfect superficial nitration of the 
cellulose and consequently only a partial resistance to the action 
of the acids. Ihitcr cloth which resists even the strongest acids, 
can, according to Clacssen, be prepared by weaving it from 
artificial threads made from a pure nitrocellulose solution. Ex¬ 
cellent results are claimed to thus have been obtained in practice. 

In contradiction to Claes.scn the Farbcnfabriken vormals 
F. Bayer & Co.' state that completely nitrated cloth can be 
obtained only by weaving artificial threads prepared from 
collodion solution and they maintain that by their process not 
only is a completely nitrated cloth with 12.4%-12.9% N obtained 
by immersion, first in nitric acid and then in sulfuric acid, but 
that the cloth so prepared is superior in quality to that made by 
weaving nitrocellulose threads, being nearly twice as strong, more 
durable, more resistant to acids and chlorine, and of a less open 
or porous character. A sample examined was found to contain 
only 10.9% N whereas cellulose hexanitrate requires 14.14% N 
and the pentanitrate 12.70% N. 

H. Warren' has used this material with advantage for the 

I. D. R. P. 581.33; abst. Zts. ang. Chem. 1891, 4, 721; Wag. Jahr. 
1891, 37, 38.5; Bcr. 1892, 2S, I80-R. Eschellmann.’D. R. P. 1070.50; abst. 
Wag. Jahr. 1900,4«, I, .345. I). K. P. 88081; abst. Wag. Jahr. 1896,42,262. 

2. Zts. ang. Chem. 1907, 20, 318; abst. C. A. 1907, 1, 1462. 

3. F. Brban, Zts. Schiess. ,Spt^g. 1006, 1, 433; abst. Chem. Zentr. 
1907 78 I 382 

’i. ’zts. ang. Chem. 1907, 20, .317; abst. Wag. Jahr, 1907, S3, I, 583; 

J. Soc. Dyers & Col. 1907, 23, 175; C, A. 1907, 1, 1169. 

5. Chem. Nfews, 1895, 71, 165; abst. Jahr. Chem. 189.5, 40, 1.380; Bull." 
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deteniiination of phosphates and similar precipitates susceptible 
to reduction by incineration. He first purifies pure filter paper 
to remove silica by immersion in hydrofluoric acid followed by 
extractidn with ether in order to remove fat. The sheets of this 
paper are tfien immersed singly for five migutes in a mixture of 
equal volumes of nitric acid 1.5 and commercial vitriol 1.84. 
Paper prepared in this manner is said to filter rapidly, retain the 
finest precipitates such as barium sulfate and calcium oxalate, and 
ignite almost instantaneously. Still slower burning filters of 
nitrocellulose are obtained by means of a mixture of one volume 
of nitric acid in two volumes of sulfuric acid of the above strength. 
It has also been found that by tlie addition of a small amount of 
hydrofluoric acid to the nitrating mixture, the desilication of the 
filter occurs co-incident with the nitration. 

E. Cramer' also employed filter papers consisting wholly or 
partly of nitrocellulose in order that incineration may be more 
rapid and complete. He calls attention to the fact that such 
papers also offer the additional advantage of filtering very rapidly 
and of being less hygroscopic than ordinary filter paper. In this 
respect they approach in properties the hardened or toughened 
filter papers of the market/ When the filter is highly nitrated 
and bums too energetically a snjall amount of paraffin may be 
added to decrease the speed of ignition, and minimize the possi¬ 
bility of spurting of the contents during ignition out of the 
cmcible.’ 

For filtering water, beer, wine or other beverages, C. 

Soc. Chim. 1895. 14, 914; Chem. Centr. 1895, 6$, I, 1036. 

1. Zts. ang. Chem. 1894, 7, 269t abst. J. S. C. I. 1894, 13, 833; Proc. 

Amer. Pharm. Assoc. 1895, 43, 493; Jahr. Chem. 1894, 47, 3W. In the 
manufacture of acid proof fabrics for filtering purposes accordiug to the 
method of Hopfner (Wag. Jahr. 1897, 43, 1153), not the finished fabric is 
nitrated, but the threads. These are reeled off from a bobbin passing through 
concentrated nitric acid and then into strong sulfuric acid, washed and woven. 
To improve the strength of the fabric, asbestos, or gutta pctcha covered 
threads are woven in with the nitrocellulose. ^ 

2. To produce solid cloths for protective purposes against acids, D. 
Bachrach' (U. S. P. 692102, 1902; abst. Chem. Ztg. 1902, 26, 165; J. A. C. S. 
1902, 24, 381) recommends the addition of graphite or bitumen. About 
10% of either is said to produce a cloth which will successfully resist long 
nmtact with corrosive chemicals. If it is desired to blend the nitrocellulose 
with the graphite or bitumen an acidi resisting solvent known as "picamet” 
(F. Greening, E- P. 22019,1894) may be used to dissolve the nitrated cellulose. 
Picamer may be obtained by fractionating wood-tar distillate with chromic 
acid or alkaline potassium bichromate. See also the process of E. Miiller, 

• E. P. 12867, 1898, 
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Field,' impre'^ates cloth, canvas, paper or like medium with a 
solution of nitrocellulose in glacial acetic acid, and gelatinizes by 
subsequent immersion in water. , 

A pyroxylin network for use as sheaths or separators for 
secondary-battery electrodes is made by winding a pyroxylin 
thread openly on a flat mandrel in a series of layers crossing at 
right-angles, then dipping in a solvent so that the threads cohere, 
then immersing in water to remove the solvent, and finally 
cutting the threads along one or more edges of the mandrel.* 

Dyeing Nitrocellulose. F. SpringmuliF in 1872 described 
the preparation of colored pyroxylin solutions, in which the latter, 
dissolved in alcohol-ether, were combined with alcoholic solutions 
of dyestuffs, thus producing colored lacquers, which upon drying, 
formed clear, transparent films of high luster. 

E. Jacquemin* endeavored to "animalize” cotton in order to 
bring its power of dyestuff receptiveness to that of silk, by super¬ 
ficial or. incomplete nitration of the cellulose, and apparently 
with a considerable degree of success. The “Femandine" process 
of WeiF had for its object enhancing the fastness of dyestuffs 
upon cotton by dyeing in the ordinary manner, and then in¬ 
creasing the resistance of the dyed fabrics to moisture and per- 
.spiration by a thin coating of pyroxylin in solution upon the 
colored fabrics. 

P. Magnier and L. Doerflinger* sought to superficially nitrate 
flax and other filaments by a momentary immersion in the nitra¬ 
ting bath, washing, treating with sulfurous acid to partially “de¬ 
oxidize” it, after which the cellulose may be dyed or printed upon 

1. S. P. 17472, 1912; abst. C. A. 1914, S, 274; J. S. C. I. 1913, S2, 
882. fiee also Chem. News, 1860, 2, 35; 1891, C4, 85; 1896, 74, 98. 

2. V. dc Karavodine, E. P. 249.3, 1911; abst. J. S. C. I. 1912, U, 238. 
He nitrates cotton thread or fabric by immersion for 5-10 minutes in a mixture 
of 3 parts of to 1 part HNOi. Sec also E. P. 28867,1911; abst. C. A. 
1913, 7, 2017; J. a C. I. 1912, 31, 286. 

3. Muster Ztg. 1872, No. 20; abst. Poly. Centr. 1872, IS, 827; Wag. 
Jahr. 1872, IS, 816. See also F. Kuhlmann (Compt. rend. 18M, 42, 673, 
711; 43, 900, 950; J. prakt. Chem. 1856, SS, 288; 1867, 71, 347) was of the 
opinion that by spontaneous decomposition, pyrdkylin which had lost a 
potion of its nitrogen content, absorbs dyestuffs with greater avidity, an 
idea to which we do not subscribe at the present time. 

4. Bun. Soc. Chim. 1874, 21,*486; abst. Wag. Jahr. 1874, 21, 893; 
Chem. News, 1874, 30, 145; J. C. S. 1874, 27, 1028, 

5. F. P. 98047, 1873; abst. BuU. Soc. Chim. 1874, 22, 46; Wag. Jahr. 
1874, 21, 891. 

6. F. P. 112550, 1878; Add, of Jan. 24, 1879. E. P. 4711, 187fl, 
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"under the most favorable conditions.” SomeWha^ similar is the 
method proposed by A. Bang and C. Clolus‘ who prepare vege¬ 
table tejjtiles to facilitate their dyeing, consisting in trans¬ 
forming the,cellulose "into a slightly azotized product,” capable 
especially of being dyed with colors having a»nitrogenous base as 
the aniline^ dyes, soluble indigo, and litmus. In their method of 
procedure the cellulose textile is immersed in concentrated nitric 
acid for a short period, or in a mixture of nitric and sulfuric acids, 
and after washing to neutrality, dyed directly without mordants. 

In an investigation of the chemical action of light on dyed 
colors undertaken by D. Brownlie,'* twenty colors were dyed an 
equal shade on cotton, oxycellulosc, trinitrocellulose, jute and 
silk, and comparisons made. No difference was observed in the 
fastness when dyed on cotton, oxycellulosc, nitrocellulose or jute. 
The work of J. Schneider’ has been along somewhat similar lines. 

In the method of dyeing nitrocellulose as evolved by h'arb- 
werke vorm. Meister, Lucius & Briining’ solutions are added to 
the nitrocotton which, with or without the addition of catalyzers 
or oxidizing agents, produce by subsequent oxidation, the de¬ 
sired color. In a typical .example cited by the patentee, 
p-hydroxyphenyl-f-aminotolylamine 5 parts, and zapon lacquer 
too parts, are dissolved, and small traces of cupric chloride dis¬ 
solved in alcohol then added. 

The dyeing of nitrocellulo,sc artificial filaments (which 
contain practically no nitrogen after denitration) is discussed in 
Vol. Ill, wherein is detailed the various formulas and methods 
for the formation of colored pyroxylin lacquers, bronzing liquids 
and waterproofing compositions, either for transparent (dyestuffs) 
to translucent and opaque (lakes and pigments) effects. (See 
this Vol., p. 63.) 

In the dyeing of pyroxylin plastics, nearly .all of •the basic 
organic dyestuffs and many of the acid ones are applicable when 
soluble ill methyl or ethyl alcohols, and such solutions may be 

1. E. P. 1811, 1881. E. P. 142447, 1881; abst. Mon. Sci. 1882, 24, 
729. 

2. J. vSoc. Dyers Col, 1902. 18, 288; abst,J. S. C. I. 1903, 22, 23. 

3. J. Soc. Dyers Col. 1910, 25; abst. Wag. Jahr. 1910, 58, II, 449. 

4. D. R. P. 285323. 1914; abst. C. A. 1916, 10, 967; Chem. Zentr. 
1916, 88, II, 212; Chem. Ztg. Rep. 1915, 89, 311; Zte. ang. Chem. 1915, 28, 
n, 401; Wag. Jahr. 1915, 81, 11, 271. See Zts. Weiss. Mikr- 1909, 28, 266. 

« 
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added to pyroxylin in solution to form various colored effects. 

Sheets which are not colored in bulk may lie dipped in an 
alcoholic solution of the dyestuff, the depth of penetration de¬ 
pending on the nature of tlie dye, the concentration and the 
penetration of the pyroxylin by the solvent in which the dyestuff 
is dissolved. .Solvents differ widely in their influence on the 
penetration of dyestuffs in pyroxylin masses, acetone being 
especially efficient in aiding penetration of basic coloring mat¬ 
ters. 

Peculiar and striking effects may l)e produced in dyeing 
sheets by mcan^s of color tests in qualitative inorganic analysis. 
These in general comprize a salt which is .soluble in alcohol and 
which may therefore be incorporated with the plastic in the 
process of niamifactiire, and sheets containing this alcohol- 
soluble inorganic salt being either dipped in an alcoholic solution 
of anotlier salt which gives a colored precipitate or color, or the 
sheet may be dipped in an aqueous solution of the salt which 
contains sufficient acetic acid (usually 15%-30%) to penetrate 
superficially the pyroxylin and precipitate the colored salt on 
and in the plastic. 

Examples of such combinations arc as follows: Column 1, 
contains the salt soluble in alcohol or other liquid solvent of 
cellulose nitrate. Column 2, the acpicous or acetic acid solution 
of the salt in which the sheet is immersed, and Column .3, the color 
imparted and the precipitate formed, (see next page). 

If the surface of celluloid be partially colored by immersion 
in a solution of a dyestuff and then washed and dried, it is found 
that by a brief second immersion in a different-colored solution, 
the uncolored portion can be dyed, without the shade of the 
colored part being much affected, and upon this observation is 
based a process for preparing multicolored surfaces by direct 
dyeing.' After the second and subsequent immersions in the 
dyestuff solution, it is preferable to at once Nvash the material in a 
medium in which it cannot Ixi dyed, celluloid being pteferably 
washed in water. It is stated that this method can be applied 
to the preparation of three-color screen-plates. 

Amorphous Nitrocellulose. It is well known that in a 
straight nitrocellulose smokeless powder, the acetone colloided 

1. Vereinig^ Kunstseidefabriken A.-G. F. P. 305165, 1908, 
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ester has not the toughness that the sortie cellulose nitrate 
possesses when colloided with alcohol-ether, and hence is not as 
suitable for ballistic purposes in small arms, on account of the 
proneness to the development of excessive pressure from too 
rapid combustion in the rifle chamber. • 


3 


PotaSvSium iodide 
Lead acetate.... 


Silver acetate. 

Cochineal or carmine. 
Gold chloride (auric). 
Iron chloride (ferric). 


Copper acetate. 


Cadmium chloride. 

Arsenous acid. 

Antimonic chloride.. 
Chromic chloride... 
Manganous chloride. 

Zinc acetate. 

Nickel chloride. 


Lead acetate. 

Mercuric chloride... 

Silver nitrate. 

Potassium chromate. 
Sodium phosphate... 
vSodium sulfide. 
Potassium chromate 

Sodium sulfide. 

Ammonia. .•. 

Stannous chloride.... 

Tannin. 

Ammonia. 

Potassium ferrocy- 

anide. 

Hematoxylin. 

Salicylic acid. 

Ammonia. 

Potassitim ferrocy- 

anide. 

Sodium sulfide.. . 


Oxalic acid 


Yellow lead iodide 
Deep red mercuric iodide 
Light yellow silver iodide 
Yellow Ipad chromate 
White lead phosphate 
Black lead sulfide 
Brick-red silver chromate 
Black silver sulfide 
Deep scarlet 
Purple of Cassius 
Black 

Brick-red ferric hydroxide 

Blue ferric ferrocyanide 
Black 

Purple (fugitive) 

Blue 

Brown cupric ferrocyanide 
Black cupric sulfide 
Yellow cadmium sulfide 
Yellow arsenous sulfide 
Orange antimonic sulfide 
Green chromic hydroxide 
Pink manganous sulfide 
White zinc sulfide 
Green nickel oxalate 


Nitrocellulose may be rendered “amorphous” by the follow¬ 
ing described treatment, and when in this condition, it has been 
stated, may be colloided with acetone to form a powder in which 
the toughness of the grain compares favorably with that induced 
by alcohol-ether colloiding. The nitrocellulose is first dissolved 
to a thi6k jelly and placed in a mixer provided witli heavy and 
unusually efficient agitation arrangement. When the solution is 
•in active agitation, water is gradijally added to the malaxator in a 
fine stream. It will be observed after the addition of a certain 
amount of water—this amount varying greatly with the type of 
nitrocellulose operated upon—the power required to operate the 
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agitator suddenly diminishes greatly. The addition of a small 
amount of water beyond this point results in the complete 
precipitation of the nitric ester is an impalpable, structureless 
form, which does not agglutinate togctlter upon pressure, and 
which may readily separate from the acetone-water by clotli or 
paper filtration. Such nitrocellulose when dried and again 
dissolved in acetone, is said to give a colloid which in tensile 
strength is nearly if not quite the equal of that induced by alcohol- 
ether gelatinization. 

Indurating Nitrocellulose. It has long lieen recognized, 
that in order to obtain the desired and uniform ballistic effect, 
especially in nitrocellulose intended for large caliber guns, the 
powder granule must have a high tensile strength to w’ithstand 
the immense pressure in the rifle chamber in order that the com¬ 
bustion may occur progressively within determined limits. 

As early as l.SS2‘ W. Reid and D. Johnson patented a process 
for hardening grains of smokeless powder containing nitrocellu¬ 
lose and other nitrated bodies, 100 parts by volume of nitrocellu¬ 
lose being moistened with .'iO -80 parts ether, or methyl or ethyl 
alcohols, either alone or in admixture. II. Maxim® treats gun¬ 
cotton with solvents as ether or acetone in an exhausted vessel 
to eliminate air bubbles and compact the material. By this 
means, according to the patentee, a very hard and dense product 
is obtained. 

The Indurite of C. Munroe patented in 1893,® also known as 
Naval Smokeless Powder, represents a nitrocellulose from which 
the lower esters were first removed by treatment with methyl 
alcohol, the highly nitrated cellulose being then gelatinized with 
mono-nitrobenzene in the proportion of about ().9-1.8 of the 
former to 1 of the latter, by repeatedly passing the mass through 
ma.sticating rolls until it was “colloidized” into a dark translucent 
mass resembling India rubber. The sheet was stripped off, cut 
into strips or bands, being then immersed in hot water to remove 

1. F. P. 147325, 1882. K. P. 61«, 1882; alwt. Dingl. Poly.,1883, 241, 
510; Chem. Ind. 1882, 5, 101; 1883, 6, 10; Ber, 1883, », 265; Cfiem. Tech. 
Rep. 1883, 22, 1. 202; J. S. C. I. 1882, 1, 76; Wag, Jihr. 1883, 28, 148; Mon. 
Scl. 1911, 74, 156. D. Johnston, Can. P. 24692, 1886. 

• 2. F. P. 194792, 1888; abst. Mon. Sci. 1889, 33, 756. 

3. U. S. P. 489684, 1893; abst. Chem. Ztg. 1893, 17, 135, 136; Chem. 
Tech. Rep. 1893, 32, I, 2,35; Tech. Chem. Jahr. 1892-3, 15, 171; J. A. C, 8. 
1893,11,366. E. P.580, 1893;abst. J.S.C. 1.1893,12,375. Cf.J,A.C.S. 
1896, 1% E. Worden, “Nitrocellulose Industry," 1911, 2, 939. 
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the nitrobenzene. As the cellulose nitrate hardened the color 

• • f 

lightened, and by varying the extent of incipient gelatinization, 
the finished product was modifiable from a brisant rupturing 
explosive to a slow-burfiing propellant. 

A. Codking and Kynoch, Ltd.' have described an apparatus 
especially designed for tlie hardening of nitrocellulose by solvent 
vapor, in the method as divulged by C. Curtis and G. Andre,'* 
the cellulose ester is coated with tanno-gelatine to increase its 
density by a decrease in porosity. 

The disruptive force required to burst a powder grain of 
known dimensions, density and composition, may vary within 
wide limits depending upon the nitrogen content of the cellulose 
ester and the nature and completeness with which the solvent has 
penetrated. The recent scries of "activators” brought forward by 
Nobel Explo-sives Co., and referred to elsewhere herein, are 
notable examples of the “catalytic”(?) action which is exerted by 
minute amounts of solvents as colloiding agents in nitrocellulose 
induration. • 

Nitrocellulose may also be reduced to powder form’ by treat¬ 
ment with a solvent and non-solvent as acetone and water, the 
compactness of tlie powder being varied within wide limits by the 
method of precipitation used. , Instead of precipitating the 
nitrocellulose by tlie addition of a large bulk of water, the ester 
in solution, is agitated while small amounts of non-solvents are 
added to the point of precipitation. 

Denitration of Nitrocellulose is carried on commercially 
primarily in connection with the preparation of nitrocellulose 
artificial filaments, one of the main difficulties encountered in 
the manufacture of artificial silk from this source being the 
regular production of a thread whicli is uniformly and sufficiently 
denitrated, for threads which differ in the amount of nitrogen 
content by 0.1% show a marked difference in their susceptibility 
and in their absorptive capacity for dyestuffs. H. Diamanti,^ 

1. E" P. 22965. 1901; abst. J. S. C. I. 1902, 21, 1412. 

2. E. P. »43, 5821, 1891; abst. J. S. C. I. 1892, U, 4.56; Chem. Centr. 
1892, 63, II, 279; Chem, Ztg. 1892, 16, 1320; Chem. Tech. Rep. 1892, 21, I, 
224; Wag. Jahr. 1892, 38, 377; Tech. Chem. Jahr. 1891, 14, 139. 

3. A. Luck and C. Cross, E. P. 5288,1898; abst. J. S. C. 1.1899, 18, 400. 

4. E. P. 17460, 1907; abst, J. S. C. I. 1907, 26, 1275; J. Soc. Dyers Col. 
1908, 24, 118. E. P. 378143, 1906; abst. J, S. C. I. 1907, 26, 1136; Mon. Sci. 
1910, 73, 29& 
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Fremy,' L. Bergier,* P. Vieille,‘ H. Richter,< H. Turgar(J,‘ P. 
Cazeneuve,* D. Woodmann,’ A. Bernstein,* A. Petit,* C. HSusser- 
niann,‘“ F. Wislicki," 11. de Chardoniiet,'* H. Diamanti, P. I^oisif 
and H. Champin,'*E. Weston,“together\^?iththeSocieteAnonyme 
pour I’etude Industrielle de la Soie vSerret'* have devifcd methods 


1. F. P. 203191, 1890; abst. Mon. Sci. 1890, 35, 700. 

2. F. P. 349134, 1904; abst, J. S, C. I. 190.5, 2*, 017: Chem, Zts. 190.5, 
«, 209: Mon. Sci. 1907, W, 000; J. .Soc. Dyers Col. 1906, 21, 182. 

3. Mem. pond, salpetres, 1907-8, IS, 61; abst, Zts, .Scheiss, .Spreng, 
1911,5, 181; C A. 1910,4,901. 

4. E. P. 12695, 1901; abst. J. Soc. Dyers Col. 1902,18, 212; I. S. C. I. 
1002, 21, 1038. F. P. 312040, 1901; abst, Mon. .Sci. 1902, 58, 104. D. R. P. 
12,5392, 1901: abst Jahr Chem. 1901, 54, 895, Mon Sci. 1902, 58, 145; Wag. 
Jahr 1903, 49, 11, 417; Chem. Centr. 1901, 72, II, 11.39. D. R. P. 1;19442, 
addition to 1). R. P. 12.5392; abst. Wag. Jahr. 1904, 50, 11, 388. D. R. P. 
1,39.899, addition to D. R P 12.5392, 1901; abst, Jahr. Chem. 190.3, 56, 1019; 
Wag Jahr. 190.3, 49, II, ,388, 417; Chem. Centr. IIKKI. 74, 1, 860. Anst. P. 
1316.3 S. Coulier, Belg. P. 210951, 1908. 


5. D S. P. ,508124, 189.3, abst Chem. Tech Rep. 1893, 32, 11, 163; 
Chem. Ztg. 189.3, 17, 1772; J A. C. S. 189.3, 15, 712. 

6. F. P. 34669.3, 1904, abst. J. S. C. I. 1905, 24, 194; Mon. Sci. 1907, 67, 
.599. For the reducing action of ammonia on nitrocellulose, see J. Spiller 
(Chem. News, 1866, 12, 296; Dull Soc. Chini 1868, (2), 5, 227; Chem. Centr. 
1866, 37, 45; Jahr. Chem. 1865, 18, ,596), K. CiUignet (Rep. Chim. Pure, 1803, 
5, 114), A Bf'champ (Rep. Chim. Pure, 1863, 5, 289). 

7. J. A C S. 1892, 14, 112, abst Chem. Centr. 1892, 63, 11, 401; Jahr. 
Chem. 189.3, 41, 27.34, Proc. Amer. Pharm. Assoc. 189.3, 41, 441; J, S. C. I. 
1892, 11, 8(19; cf. Chem. Ztg. 1892, 16, 163; Dingl Poly. 1892, 283, 88, 137, 

8. D. R, P. 232373, 1910; abst. C. A. 1912, 6, 18.5.3; Kunst. 1911, 1, 
1.54; Chem. Ztg Rep. 1911, 35, 2.30. D. R. P. Aura B-.57875, 1910. For the 
denitration of nitrocellulose with lactic acid, consult 15. Berl and R. Klaye, 
Zts. Schiess. Spreng. 1907, 2, 403; abst Chem Zentr. 1908, 79, 1, 1381. 

9. IJ. S. P. 665975, 1901; abst. J. A. C. S 1902, 24, ,52. 15. P. 15343, 
1900; abst. Mon. Sci. liH)3, 59, 283; J. Soc Dyers Col. 1900, 16, 267. 

10. Chem. Ztg. 1905, 29, 420; abst Jahr. Chem. 1905-8, II,'981; Wag. 
Jahr 1905, 52, H, 398; Ber. 1901, 37, 1624. 

1 1. F. P. 427694, 1911; abst. Mon. Sci 191.3. 79, 19. 

12. K. P.5270, 1888; abst. J.S.C. I, 1880,8,474. F. P. 221488, 1892; 
231230, llfJS; abst. Mon. Sci. 1893, 42, 85; 1894, 44, 64, 15, P. 10858, 1915; 
abst. C. A. 1917, 11, 214; J. S. C, I. 1916, 35, 302. F. P. 410652, 1909; abst. 
Chem. Ztg. Rep. 1910, 34, ,301; Mon. Sci. 1913, 79, 73. Cf. Compt. rend. 
1889, 188, 961; Jahr. Chem. 1889, *2, 2840. F. P. 478404, 1914; abst. C. A. 
1916, 10, 2307; J. S. C. I. 1918, 35, 1009, D. R. P. 46126; abst. Chem. 
Centr. 1889, 60, 1, 6.56; Jahr. Chem. 1880, 42, 2840; Mon. Sci. 1905, 62, 321; 
Tech. Chem. Jahr? 1888, 11, 527; Chem. Tech. Rep. 1889, 28, I, 81; In- 
dustricbl. 1889, 166; Ber. 1888, 21, 913; Jahr. Che.n. 1888, 41, 2860. 

13. F. P. 378143, 1906; abst. J. S. C. I. 1907, 26. 1135; Mon Sci. 1910, 
78, 298. D. R. P. 217128; abst. Wag. Jahr. 1909,«, II, .391; 1910, 56, I, 
97. Belg. P. 201695, 1907. Aust. P. 42740. 

14. U. S. P. 264987. 

15. F. P. 369170, 1906; abst. Ci A. 1908, 2, 1363; Mon. Sci. 1910, 73, 
298. G. Gorrand, F. F. 354424, 1905; abst, C. A. 1907, 1, 1076; Mon. Sd. 
1906, 65, 107; J. Soc. Dyers Col. 190.5, 21, 286. E. P. 8166,1906; abst. C. A. 
1907, 1, 643. Soc. Anonyme de Soie Artif. de Tubise, F. P. 3.58987, 1W5; 
abst. C. A. 1907,;!, 1064; Mon. Sci. 1906, 65, 169; J. Soc. Dyers Col. 1906, 
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for accomplishing the denitration of cellulose filaments on a 
commercial scale.’ E. Bindschedler^ ha.s"disclosed ways for the 
utilization of old denitration baths-; while A. Dulitz^ and W. 
MitscJierling^ have contributed to this art. Inasmuch as the 
denitration of cellulose to-day is carried^out almost entirely in 
conjunction with the formation of artificial filaments to reduce the 
inflammability thereof, this topic will be taken up more in detail 
under that subject in Volume IV of this series. 

Nitrates of Hydrocellulose and Oxycellulose. These bodies 
have probably never been prepared in a pure .state, interest 
chiefly lying in the influence which they exert upon the stability 
of the nitrocellulose. In 1895’’ E. Ungania described the prepara¬ 
tion of explosives of nitrocellulose mixed with paraffin, nitro- 
mannite and inorganic salts. Previous to this had appeared the 
processes of A. Luck and A. Durnford® and C. Lundholm and J. 
Sayers' for the manufacture of granulated explosives in which 

22, 112. See also Cie. de la Sole de Beaulieu, D. R. P. 217128, 1907; atet. 
Chem. Zentr..l910, 81, I, 3K1; Zts. aiig. Chem, 1910, 23, ,384; Chem. Ztg. 
Rep. 1910, M, 75; Wag. Jahr. 1909, 55, II, 391; I. Soc. Dyers Col. 1910, 28, (K). 

1, &e h, Vignon, Compt. rend. 1900, 131, 520; abst. Bull. Soc. Chim. 
1901, 25, 130; Chem. Centr. 1900, 71, II, 891; 1901, 72, I. 440; J. C. S. 1900, 
78, i, 589, 629. P. Magnier and L. Doerflinger, E. P. 4711, 1878. See also 
W. Green, E. P. 9879, 1889. edenitration of Pyroxylin," Chem. Ztg. 1905, 
29, 420. 

2. Chem. Ztg. 1909, 33, 174; dbst. C. A. 1909, 3, 1327, 1927; Chem. 
Zentr. 1909, 80, 1,1276. also P. Hccrmann, Mitt. kgl. Materialspnifungs- 
amt, 1910, 28, 227; abst. Chem. Zentr. 1910, 81, II, .343; J, S. C. I. 1910, 29, 
939 

' 3. Chem. Ztg. 1910, 34, 989; abst. J. Soc. Dyers Col. ,1910, 26, 251; 
lahr. Chem. 1910, 63, II, 429; C. A. 1911, 5, 2176; J. S. C. I. 1910, 29, 1151. 
Belg. P. 17259, 1903. See also R. Valette, E. P. 20837, 1901; F. P. ,344660, 
1904; abst. J. S. C. I. 1904, 23, 1212. C. Dow, D. R. P. 1.53671. Knofler, 
D. R. P. 88556, 1894. F. P. 2478.55,1895. 

4. Kunst. 1912, 2, 308; abst. C. A. 1912, 6, 3185; Wag. Jahr. 1912, 58, 
11, 444. For weakening of artificial silk due to faulty denitration, see S. 
Culp, Fiirb, Ztg. 1909, U, 141; abst, C. A. 1910, 4, 3006. 

5. E. P. 12325, 1895; abst, Chem. Ztg. 1896, 20, 975; Mon. Sci. 1897, 
SO, 81; J. S. C. I. 1896, 15, 376. 

6. E. P. 4769, 1895; abst. J, S. C. I. 1896, 15, 135: Chei*. Centr. 1896, 

67, I, 1150; Chem. Ztg, 1896, 20, 652. ® 

7. E. P. 6399, 1889; abst. Dingl. Poly. 1890, 278, 20; J. S. C. I. 1890, 
8, 414; Tech. Chem. Jahr. 1890-91,13, 153. E. P. 12338, 1889; abst. J. S. 
C. I. 1891, 10, 573. E. P. 13486, 1889; abst. J. S. C. I. 1890, 9, 893; Wag. 
Jahr. 1890, 36, 546. D. R. P. 53296; abst. Zts. ang. Chem. 1890, 3, 556; 
Chem. Centr. 1891, 62, 1, 647; Chem. Ztg. 1890, 14, 1266; Chem. Tech. Rep. 
1890, 29, II, 145; Wag. Jahr. 1890,86,^540; Ber. 1891, 24, 182-R; Tech. Chem. 
Jahr. 1890-91, 13, 162. D. R. P, 55650; abst. Zts. ang. Chem. 1891, 4, 469; 
Chem. Ztg. 1891, IS, 567; Chem. Tech. Rep. 1891, 30, I, 219; Chem. Ind. 
1891, 14, 335; Wag. Jahr. 1891, 37, 428; Ber. 1891, 24, 429-R; Mon. Sci. 
1891, 30, 655; Meyer Jahr. Chem. 1891, 1, 332. 
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nitrated substances derived from hydrocellulose and oxycellulose 
were mixed with camphor and oxidizinj; agents. 

A. Girard* has converted hydrocelliilose into the nitrated 
derivative, and has found that hydrocelfulose nitrates in much 
the same manner as does cellulose, but the nitrohyflrocelhdose 
formed is very friable, nitrates more readily and decomposes with 
greater facility. Girard commented on their friability and in¬ 
creased solubility as being properties peculiarly advantageous for 
photographic collodions, a point to which we do not subscribe at 
the present day. 

The hydrocellulose of R. Stahmer’ when nitrated’ passes 
into .solution as a reddish brown liquid, from which water precip¬ 
itates a nitro-compound with a bright ivory-like sirnface. H. de 
Chardonnet has described a “hydrate of nitrocellulose"* differing 
from ordinary nitrocellulose in having in its composition a quantity 
of water of “condensation,” and alleged to lie especially adapted 
to tlie formation of artificial filaments. 

According to C. Cross and E. Bevan,’ when gelatinous oxy¬ 
cellulose is washed with strong nitric acid until free from water, 
and then diffused through a mixture of strong nitric and sulfuric 
acids, quickly passes into solution. This solution after standing 
about an hour then poured in a fine stream into a large volume 
of water, precipitates the “nitro” body as a white flocculent mass, 
which upon drying at 110°, gave C.48% N and a formula corre¬ 
sponding to CisHiaOieCNOs)^ 

L. Vignon* has nitrated hydro- and oxycellulose add found 
that the viscosity of their ether-alcohol solutions to be much 

1. Compt. rend. 1879, 89, 170; abst. J. C. S. 1989, 3«, 911. 

2. S?e this volume, p. 132. 

3. E. P. 19«19, 1900; abst. J. S. C. I. 1901, 20, 926; J. Soc. Dyers Col. 
1901,17, 295. 

4. E. P. 24638, 1893, abst. J. S. C. 1. 1895, 14, 33. Sec also E. P. 
2211, 1886; 1656, 5376,1890; 19560, 1891; abst, J. S. C. I. 1887, 6, 139; 1891, 
10, 359, 508; 1892,11, 9.39. Compare I. diiVivier, E. P. 2570, 1889; abst. 
J. S. C. I. 1890, 9,286. U. S. P. 455245. 

5. J. C. S. 188.3, 4J, 23; al>st. Bcr. 1883, 18, 415; Chem. News. 1882, 
4$, 340; J. S: C. 1.1884, 3, 206,291; Bull. Soc, Chim. 1883, 39, 671; Chem. Ind, 
1883, 6, 353; Chem. Tech. Rep. 1883, 22, II, 94; Din|l. Poly. 1883, 280, 280; 
Jahr, Chem. 1883,38, 1366, 1777; Mon. prod. Chim. 1883, 242. 

6. Compt. rend. 1898, 128, 1658; 1900, 130, .509; 190.3, 138, 818, 898; 
abst. BuU. Soc. Chim. 1901, 28, 130; Compt. tend. 1898, 127, 872; J.S. C. I. 
1900, 19, 1039; 1903, 22, 572. See also J. C. S. 1895, 87, 84; 1904, «k 3^. 
For action of KOH on oxynitroccUulose see L. Vignon, Bull. Soc. Chim. 
1899, a, 597. 
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less than the normal cellulose nitrates. They are equally in¬ 
flammable, show a greater affinity for basic dyestuffs, and are less 
stable. They reduce Fehling’s solution on boiling, that of nitro- 
oxycellulose more enengetically, and below the boiling point, 
potassium hydroxide of 1.3 density slowly attacks both products, 
that from oxycellulose more rapidly, wten distilled with HCl 
both nitrated bodies gave off great quantities of nitrous fumes, 
and the distillate in each case showed the presence of furfural— 
more so with the oxycellulose compound. 

Extensive researches of the higher nitrates of cellulose, 
hydrocellulose and oxycellulose have been made by E. Bcrl and 
R. Klaye‘ who prepared hydro- and oxycelluloseHn various ways 
and nitrated them under different conditions.'* Their results are 
shown in the following table: 


Nitrated Compound 

%N 

(Nitrom¬ 

eter) 

%N 
(Dumas) 

Solu¬ 
bility in 
Kthcr- 
Alcohol 

Fixation 

of 

Methyl¬ 
ene Blue 
Mgm. 
per Cm 

Viscosity 

(Relative) 

Cellulose. 

13 5 

13 .32 

1 8 

0 6 

10,000 

Hydrocellulosc. 

1.'! 23 

13 36 

12 15 

2 4 

65 7 

H 9 O 1 : Hydralcellulose... 

13.07 


22.5 

. 2.4 

8 13 

KMn 04 : Oxycellulose .. 

13 31 • 


18 0 

1 6 

5 15 

Br .Oxycellulose. 

12.92 

i.i29 

15.5 

3.5 

9.06 

CaiMnO,),.Oxycellulose.. 

13.25 


20.5 

3.3 

11.10 

HNOi; Oxycellulose. 

12.87 

13.28 

34.0 

5.0 

7.94 

KCIO 4 : Oxycellulose 

13.04 


18.0 

3 0 

7.2 


Tlie general conclusion was drawn that the formation of 
cither or both hydro- and oxycellulose nitrates must play a com- 

1. Zts.Schicss. Spreng. 1907,2,381,403;abst. C.A. 1908,2,184;J.S. C. I. 
1907, 26, 11.57; J. C, S, 1908, 94, i, .504; Chem. Zentr. 1908, 79, 1,1381; Chem. 
Ztg. Rep. 1908, 32, 43; Jahr. Chem. 1905-08, II, 970. 

2. The products were then nitrated at 19 ”-20° for 24 hours in an acid 
of the composition; HjSO, (46.22%), HNOj (42.03), NA (0«5), and H,0 
(11.60%). The proportion of acid to material was 50 50 1. The nitrates 
were washed with cold and then hot water for a prolonged period and event¬ 
ually drierj, in a vacuum desiccator at .33°-40° over phosphorous pentoxide. 
A complete analysis was made in a special combustion tube and the nitrogen 
determined both by thd nitrometer and by Dumas’ method. The viscosity 
was determined in a Cochins viscometer with a 2% acetone solution. Ex¬ 
periment showed that the nitration of,oxycellulose Ls complete in 24 hours. 
Prolonged immersion up to 144 hours does not increase the nitrogen content. 
The following conclusions are drawn. Under similar conditions the highest 
nitrates are obtained with pure cellulose. Cellulose, oxycellulose and hydro¬ 
cellulose are dyed more readily by methylene blue than the corresponding 
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paratively minor part in the formation of higher cellulose nitrates 
at ordinary nitration temperatures.' 

h. Vignon has shown’' that the action of KOH on oxynitro- 
cellulose results in the fonnation of oxypytuvic acid, m. pt. 201°. 

Xyloidins are the amorphous products rcsulting.from the 
action of nitric acid on the polysaccharides, in distinction to gun¬ 
cotton, pyroxylin and the collodions, which arc made by the 
action of a mixture of nitric and sulfuric acids.’ The xyloidins 
should not be confounded with the xyloidine of Braixmnot. 
Excluding the starch nitrates, the xyloidins may be classified as 
follows; Group l. The products obtained by warming wixxl- or 
cotton-fibers, fiUer paper, “hydralcellulose" (acid-cellulose 
lactone) or pyroxylin with nitric acid of sp. gr. alwvc l.l, until the 
substance is dissolved, and pouring the solution into water or 
into strong sulfuric acid. Group 2 . Products obtained by dis- 
■solving loose cotton wool in cold nitric acid of ,sp. gr. 1.-I7, and 
allowing the solution to stand, or diluting it with water. _Spun 
or felted fibers arc changed by this treatment, but arc not dis- 
.solvcd like loo.se cotton. Group T’roducts obtained by dis¬ 
solving cotton in concentrated sulfuric acid at a low temperature, 
and adding strong nitric acid, keeping the temperature low. 
Wlien washed and dried, all these xyloidins are white, amorphous, 
but not homogeneous powders. They differ widely in their 
solubility relations and nitrogen contents. The reaction between 
cellulose and nitric acid depends so largely on the temperature, 
and the concentration of the acid, and is accompanied by the 
production of such variable amounts of by-products soluble in 
water, that the yields and properties of products made in the 
same way,may vary considerably. The xyloidins arc all corn- 

nitrates, and the nitrates of oxyccllulose and hydrocellnlosc more easily than 
cellulose nitrate itself. Increase of nitrogen in cellulose increases the viscosity 
in acetone solution, and the viscosity of the nitrates of oxyccllulose and hydro¬ 
cellulose is very much less than that of the corresponding cellulose nitrate 
solutions. • 

1. Cf. E. Knecht, Ber. 1904, 37, 549. C. Piest Zts. ang. Chem. 1907, 
U, 2497. See also Proc. Amer. Pharm. Assoc. 1894, 42, 1200; West. Drug- 
fist, 1894, 98. 

2. Compt. rend. 1898, 127, 872; abst. Chera. News, 1899, 79, 35. See 
dso the topics Hydrocellulose, this vol., p. 127, and Oxycellulose, this vol., p. 

164 . 

3. Xyloidine is also the name apiJIied to a yam prepared from ribbons 
if paper unwound from spools by a differential motion which twists the ribbons 
is they are unwound.' H. Stevens, Paper and Pulp, 1905, 10, 650; abst. 
. S. C. 1,1905, 24, 1250. 
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pounds of nitric acid, but whether they are all true esters, or 
whether some of them are merely adsorpftibn compounds, has not 
yet been decided. On treatment with alkali hydrosulfides, the 
xyloidins of Groups 1 and 2 yield “acid-cellulose” in the form of a 
hydrated jelly. Collodion cotton and guncotton when dissolved 
in warm, concentrated nitric acid are itot actually decomposed, 
but lyidcrgo changes, with the result that the amorphous 
products obtained on dilution differ considerably from the 
amorphous colloids formed by the action of organic solvents, 
'file product of the ordinary nitration of Girard’s hydrocellulose 
differs from the xyloidins, in the fact that its organized structure 
is preserved, and the amorphous starch nitrates differ from the 
cellulose xyloidins in that they yield soluble starch or dextrin when 
denitrated. It is unlikely that the xyloidins will attain immediate 
industrial importance as explosives, their cost of production being 
greater than that of the pyroxylins, while they are characterized 
.by lack of uniformity and by instability on .storage. It has, 
however, Jaeen proposed to utilize products which occupy an 
intermediate position between the ordinary pyroxylins and the 
xyloidins.' 

C. Haeussermann has found" that when 10 gm. of cotton wool 
are treated with 2 k. of nitric acid (sp. gr. 1.473) at 10°-12°; the 
honey-like mass produced, is allowed to stand for 24 hours at the or¬ 
dinary temperature, filtered through guncotton, and poured into 
water. The xyloidin which separates, is washed free from acid and 
dried. It forms a white powder, with a somewhat greenish tinge, 
which decomposes at 195° with a slight explosion, but when ig¬ 
nited in the air bums, fairly .rapidly but quietly. It dissolves 
gradually in glacial acetic acid, but only swells in acetonf and ethyl 
acetate. The product obtained by treating it with sodium hydro¬ 
sulfide or ammonium hydrosulfide, dissolves while moist almost 
completely in a 10% solution of sodium hydroxide, but can be 
reprecipitated from the solution by acids, salts and alcohol; it 
also exhibits the other characteristic properties of acid-cellulose." 

1. C. Haeussen-nann, Zis. Sebiess. Spreng. 1908, 3, 121, 305; abst. 
J. S. C. I. 1908, 27, 918; Chem. Zentr. 1908, T9, I, 2024; II, 1021; Zts. ang. 
Chem. 1910, 23, 1761; Jahr. Chem. 1910, 83, II, 423. 

2. Zts. Schiess. Spreng. 1906,'!, 39; abst. J. S. C. I. 1906, 25, 444; 
Chem. Centr, 1906. Tl, I, 1196; Jahr. Chem. 1905-8, II, 979. 

3. G. Bumcke and R. Wolffenatein, Ber. 1899, 32, 2493; abst. J. S. C. I. 
1899, 13, 940. 
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The product obtained by denitrating a xyloidin richer in nitrogen, 
prepared by precipitating with water a clear solution of guncotton 
in 40 times its weight of nitric acid (sp. gr. 1.5) is also found to be 
acid-cellulose. Collodion-potton and guncotton dissolve in nitric 
acid of sp. gr. 1.473 at the ordinary temperature, but only very 
slowly and not completely. 

H. Jentgen' has investigated the action of nitric acid alone 
upon cellulose, and has studied the conditions of the reaction 
upon the properties of the xyloidin formed. 

The nitric acid used should be within the density limits of 
1.469-1.479, for above and below these limits the cellulose goes 
into solution with great diffiadty. The temperature should be 
held below 23°. From the treatment as outlined above of cellu¬ 
lose a viscous solution is formed from which a cellulose nitrate of 
7.0%-8.8% N is precipitated by the addition of water. The 
product either swells or dissolves in acetone, alcohol-ether and 
amyl acetate. Soluble in hot glacial acetic acid, partially in 
acetic anhydride, ethyl acetate and mixtures of acetic and sulfuric 
acids. The length of nitration apparently has but little effect 
upon the solubility of the product, a period of 2.5 hours producing 
the most satisfactory results. The product takes the form of 
corneous masses or translucent, harsh-feeling fibers. Xyloidin is 
less stable than the pyroxylins or collodions, and is readily at¬ 
tacked by concentrated HCl. 

E. Knecht has shown’ that when cotton is placed for 15 
minutes in pure nitric acid of 82° Tw. and then washed, and dried, 
considerable contraction of the fiber results, and the material 
increases in weight and tensile strength. More dilute acid 
tenders md weakens it. Analysis shows that partial nitration 
of the fiber has taken place, and its behavior towards direct cotton 
dyestuffs—from which baths it takes a three or four times deeper 
shade than ordinary cotton—points to the fact also of merceriza- 
tion. The author contends, that inasmuch as ii docs not dye with 
basic colors, no oxycellulose has been formed. The use of strong 
nitric add for stripping colors and for mercerizing is advocated. 

Cellulose Nitrites. According to P. Nicolardot and G. 

I. ZU. mg. Chem. 1912, 2S, 944; abst. C. A. 1912, <, 2524; J. C. S. 
1912, m, i, 416; Chem. Zentr. 1912, U, 11,244. 

2. J. Soc. Dyers Cd. 1896, 12, 89; abst. J. S. C. 1.1896, It, 449; Chem. 
Tech. Rep. 1896, St, 332; Wag. Jahr. 1896, 42,-9^. 
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Cherlier,’ when viscose silk is treated with nilyous gases in the 
presence of nitric acid (sp. gr. about 1.5) a mixtifre of the nitrous 
and nitric esters of a^llulose results from which the former may be 
separated frftm the latter by means of acetone in which they are 
insoluble. The nitrites of cellulose thus obtained are said to be 
gray in color, gelatinous when moist, very brJftle when dried, 
and insoluble' in water, alcohol, ether, acetone, chloroform or 
ethyl acetate. Tlicy lose nitrogen to an appreciable extent at the 
ordinary temperature, and more (juickly on heating, giving 
yellow, friable, extremely acid products. 

Water effects hydrolysis slowly at the ordinary temperature 
and completely after 12 hours’ boiling, and the same takes place 
in the cold with hydrochloric, nitric or sulfuric acids, although acetic 
acid attacks these esters but incompletely at 51)°. In their presence, 
methyl and ethyl alcohols arc oxidized to the corresponding 
aldehydes, and even to acids. The authors allege that nitrous 
esters are prone to occur, under certain conditions in nitro¬ 
cellulose prepared from cotton, and cause rapid deterioration. 
When they are present, lower rcsidts are obtained in the determina¬ 
tion of nitrogen with the nitrometer than with Schloesing’s 
method, because the nitrites ase at once decomposed by sulfuric 
acid. 

The experimental evidence adduced by the above authors 
has been called in question by M. Marqueyrol and D. Tlorentin,- 
who point out the existence of cellulose nitrites, as above described, 
are doubtful for the following reasons: (a) It is improbable that 
nitrous esters could be formed in a nitric acid medium, (b) It 
is well known that nitrated celhilosos with a low nitr^og^n content 
are insoluble in the usual solvents for guncotton, namely, ethyl 
aix'tate, acetone, etc. (c) Various investigators have shown that 
the nitric esters of cellulose when saponified with aqueous or 
alcoholic alkali give rise to considerable (Quantities of, nitrite, 
since.reduction accompanies the saponification. 

It is furthexmore shown that if cellulose is nitrated by the 


1, Compt. rend, HHO, 151, 71!); ahst. Cliem. Zentr. 1910, 81, It, 1888; 
T. C. S. 19)0. 98, i. 818; C. A. 1911, S, 1588; J. S, C. I. 1910, 29, 1299; Bull. 
Soc. Chim. 1911. 9, 850; Juhr. Chem. 1910, 68, 11, 423; Meyer Jahr. Chem. 
1910, 20, 328; Zts. Schiess. Spreng. 1911. 6, 354. 

2. Bull. Soc. Chim 1911, (4), 9, .^OO; ahst. J. C.-S. 1911, 800, r, 3,55; 

C. A. 1911,5,3229;J.S. C. I. 1911, 30, 5.32; Rep. Chim. 1911,88,461; Chem. 
Zentr. 1911, 82, I, 1687. * • 
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prolonged aet-on of nitric acid (DJ'' = ca. 1.,')) to which excess of 
carbamide has been added to destroy all the nitrous acid present, 
or formed during the reaction, products <ire obtained which can¬ 
not Ik* nitrous esters, but which nevertheless possess tlje properties 
ascribed to these comp<mnds by Nicolardot and Chertier. 

Cellulose Sulfuric Esters. In ISdi) \V. Clinll observed' that 
when pyroxylin is thoroughly moistened, with concentrated sul¬ 
furic acid, after having been rendered neutral by previously 
washing with water, the pyroxylin gradually dissolves and is con¬ 
verted into a colorless, viscous syrup, bittle attention, however, 
has been paid to these obscrv’ations by subsequent workers. 

In l.SOl C. Cross, E. Bevan and R. Jenks- investigated a 
mimber of mixed esters of cellulose, such as the acetobenzoates, 
and nitrobenzoyl nitrates and conclude from the results obtained 
that under treatment with mixtures of nitric and sulfuric acids, 
the cellulose hydroxyls react with both negative radicals yielding 
nitrosiilfuric esters. Hie maximum fixation of sulfuric acid as 
determined by them, was 4- 0 parts with bleached cotton, and 
1.9-4.2 parts with unbleached cotton, the percentages being 
calculated on the weight of the original cellulose. They found 
that the essential condition most favorable to the retention of the 
sulfuric residues in combination, is found to be short duration of 
exposure to the action of the mixed acids. The presence of the 
mixed esters in the products purified by exhaustive washing, was 
verified by treatment with diluted acetone, in which these prod¬ 
ucts arc soluble. 

C. Hake and R. i.ewis’ have studied the formation of sulfuric 
esters in fhe nitration of cellulose, and their influence on stability, 

I Wien. Akad. her. 5J, II, 80!); J. prakt. Che-ni. 1800, 107, 478; Zts. 
Chciu. 1809, 12, 70.-i; Jahr. Chem, 1800, 22, 70.1; Poly. Centr. 1870, J0, 169; 
Chem. News, 1809, 02.'i, Chem. News Amer Reprint, 1870, $, 11.5; Bull. 

Soc. Chim. 1870, 13, 485; Wag. Jahr. 1870, 16, 220; Allgem (Oesterr. Apoth- 
eker V'erein. 1800, <421; Chem. Tech. Rep. 1800, 8, II, 98; Amer. Pharm. 
Assoc. 1870, U, 270. 

2. Ber. 1901, 34, 2496; abst. J. S. C. I. 1901, 26, ll.'«; Cl»m. News, 
J901, 84, 61; T. C. S. 1901, 80, i, 072; Bull. Soc. Chim. 1903, 28, 130; Chem. 
Centr. 1901, 72, II, 882; Jahr. Chem. 1901, 54, 892;*Wag. Jahr. 1901, 47, I, 
501; Meyer Jahr. Chem. 1901, 11, 310. 

3. J. S. C. I. 190.7, 24, 374, Ol-C abst. Chem. Centr. 1905, 78, 1, 1170, 
1702;J.C.S. 190.5, 88 , i, 512; Jahr. Chem. 190.5-8,11,975; Meyer Jahr. Chem. 
190.5, 15, 357. It would appear that the .sulfuric acid esters arc merely 
transition bodies wliich pass on into the nitric esters. The longer, within 
reasonable limits, the cotton is left in contact with the acids, the more com¬ 
plete will probablj be the conversion into nitric esters. 
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with a view of determining the causes which are Responsible for 
the deterioration of explosives containing guncotton. They at¬ 
tribute the deterioration to the presence of sulfuric esters of cellu¬ 
lose derived from the latter by replacement of hydroxyl groups 
by the group — SO4H, and draw the conclusion that sulfuric acid 
combines chemically with cellulose during nitration <0 form esters 
which decompose into esters of a more stable character, partly by 
hydrolysis during washing (especially in the presence of small 
amounts of mineral acids), and partly during storage of the 
finished product. According to these authors, the difficulty of 
eliminating these esters explains the erratic behavior observed 
in explosives exposed to tropical climatic conditions. 

C. Cross, E. Bevan and J. Briggs' found with the cellulose 
aceto-sulfates that under the action of cold, distilled water alone, 
the sulfuric acid residue of these esters was gradually split off, 
much more rapidly, however, in boiling water, whereas on treat¬ 
ment with alkaline solutions tlie whole of the acetic acid residue 
could be eliminated by saponification, while the combination 
between the cellulose and sulfuric acid remained intact in the 
form of a cellulose sulfuric ester, 'fhe reason for this anomalous 
behavior appears from the fact that the sulfuric residue in these 
esters probably is in the form —SOiH, readily hydrolyzable by 
the action of water and acids, but becomes SO4M in the presence 
of alkalis, and these combinations are singularly stable. 

On account of the fact that a larger proportion of sulfuric 
acid may be made to combine in conjunction with the acetic acid 
radical than with nitric acid, it has been possible to study the 
aceto-sulfates more comprehensively th§m with the corresponding 
nitro-sulfates. Their investigations illustrated the relatively great 
stability of the combination between cellulose and sulfuric acid 
towards alkaline saponifying agents, and its extreme sensitive¬ 
ness towards acid reagents, including water. 'The observations 
of R. Robertson are recorded in the next chapter in connection 
with the practical stabilization of nitrocellulose. 

The method of determining the SO4 radical as adopted by 

1. Her. 1906. 3S, 1859, 3631; nbst. J. S. C. I. 1905, 24, 685, 1251; 
J. C. S. 1905, St, i, 512, 862; Chem. News, 1905, S2, 70; Bull. Soc. Chim. 
1906, St, 638, 639; Rep. chim. 1905, S, 414; Chem. Centr. 1905, 7t, II, 36, 
1626; Chem, Ztg. Rep. 1905, 3», 178; Jahr. Chem. 1905-1908, II, 986; Meyer 
Jahr. Chem. 1905, U, 357; Wag. Jahr. 1905, St, II, 399. , 



NITROCSIXULOSB THEORY 


1909 


Hake and Lewis was to saponify with caustic soda, add sodium 
carbonate, and after evaporation to dryness and ignition, to 
dissolve in HCl and precipitate with barium chloride. As checked 
up by C. Kullgren,' this method leads to<erratic and low results, 
it being difficult to precipitate barium sulfate in the (jresence of 
large amounts of alkali salts without the probability, of error. 
Kullgren recommends the decomposition of the nitrocellulose with 
HCl, evaporating to dryness, followed by ignition in a current of 
oxygen, absorbing the sulfur oxides on alkali coated quartz 
grains. The salts are then dissolved from the quartz, the oxida¬ 
tion completed by the addition of a small amount of sodium 
peroxide, and the sulfate precipitated with barium chloride, as 
before. 

Sulfonic esters of cellulose are prepared according to a 
patented method* by the treatment of alkali cellulose prepared 
from bleached cotton by the action of zinc chloride and hydro¬ 
chloric acid, with toluene-p-sulfonyl chloride in the presence of 
10% aqueous NaOH. The tolucne-p-sulfonic ester of cellulose 
separates after 20 hours as a white, amorphous powder insoluble 
in zinc chloride solution or in cuprammonium solution, dissolves 
in hot glacial acetic acid, and forms transparent pellicles when 
evaporated from solutions of epichlorhydrin, chloroform or ethyl 
acetate. 

In order to ascertain the effect of combined sulfuric acid on the 
stability of nitrocellulose, C. Piest’ has determined the SO* in 
12 samples of stabilized nitrocellulose, and the stability, of each 
by four different methods. The sulfate content was found to 

1. Zts. Schiess. Spreng. 1908, J, 146, 201; 1912, 7, 89; abst. C. A. 1908, 
2, 3147: 1912, 6, 1366; J. C. S. 1908, 94, i, 768; 1912, U2, ii, 682; J, S. C. 1. 

1912, $1, 303; Chem. Zentr. 1908, 79, 1, 2024; II, 231; 1912, 93, 1, 1399; Jahr. 
Chem. 1905-1908, II, 974; Wag. Jahr. 1908, S4, 1, 442; 1912, 98, 1, 444. For 
solubility of cellulose in sulfuric acid, sec E. Berl, K. P. 454754; Hung. P. 
Anm. B-6377; abst. Chem. Ztg. 1913, 37, 6.53 Z Ostenberg (see p. 9,5) 
and the Internationa Cellulose Ester Co. (Can. P. 176178) dissolve cellulose 
in a mixture of sulfuric and hydrochloric acids, while R. Willstatter (D. R. 
Anm. W-42345, 1913; Aust. P. 80118, 1914) prefers concentrated HCl (sec 
p. 93). The process of M. Boullier (F. P. 319217, 1902) is similar.* 

2. Akt. Ges. fur Anilin Fabrikation, D. R. P..2003.34; abst. J. C. S. 

1908, 9«, i, 988; Chem. Zentr. 1908, 79, II, 65.5; Zts. ang. Chem. 1908. 21, 
2233; Jahr. Chem. 1905-8, II, 987; Wag, Jahr. 1908, 84, II, 363; Chem. Zts. 
1908, 7, 909. * 

3. Zts. ang. Chem. 1913,26,661; abst. C, A, 1914,8,573; Chem. Zentr. 

1913, 84, II, 2184; Meyer Jahr. Chem. 1913, 23, 363; Wag. Jahr, 1913, 88, 
I, 457; Zts. Schiess. Spreng. 1914, 9, 12. 
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vary from about n.02%-fl.0()% SO 3 and showed no relation to 
stability. It was found, however, that those samples having the 
greatest amount of SO 3 were the highest in ash, from which he 
infers that the SO 3 presant is primarily derived from the sulfates 
in the wash water. To determine the SO. 3 , Piest heats 20 gm. 
nitrocellulose with 70 cc. HNO 3 (sp. gr. 1.4) and 1 gm. KNO 3 to 
dryness on the steam bath, ignites carefully, dissolves the residue 
containing .the SOa as KjvSOi in dilute IICI, and precipitates with 
BaCla. Other investigators, as appear above, found much 
larger amounts of combined sulfuric acid in nitrocellulose. 

A. Herve has called attention to the fact’ that nitrocellulose 
prepared for the manufacture of celluloid contains small pro¬ 
portions of sulfuric acid combined in the form of esters and not 
removable by simple washing. This sulfuric acid is retained as a 
relatively stable combination in the presence of bases, when it 
reacts as an ester salt but is progressively eliniinatcd by hydrolysis 
on boiling with dilute mineral acids. For the determination of 
the combined sulfuric acid, ,') gm. of the fully washed and dry 
nitrocellulose arc boiK'd under a reflux condenser for S hours with 
2.5(1-,'100 cc. of water containing 1 cc. of strong hydrochloric .acid 
(sp. gr. l.l.S). The nitrocellulose is filtered off, the filtrate and 
washings are concentrated to 150 qp. and the sulfuric acid precip¬ 
itated as barium sulfate. The percentage of sulfuric acid 
fixed varies with the proportion of that acid used in the nitrating 
mixture. With a con.stant proportion of about 19',’() of water, 
the following results were obtained; ratio of UNO,, to H 2 SO 4 
1:1, 0.0,505% sulfuric acid fixed in the nitrocellulose; ratio 
1 ;2, 0.2025%; ratio 1 :5, 0.4290%; ratio 1 :4, 1.34%; ratio 
1 : 5, 1.81%. 'Phis combined sulfuric acid has a strqngly de¬ 
pressing influence on the stability test of the nitrocellulose 
and of the celluloid prepared from it, but it is not the only factor. 
Compounds of low degrees of nitration or of oxycellulose or hydro¬ 
cellulose also affect stability; these are most easily eliminated 
by boiling with alkaline water, so that effective stabilization de¬ 
mands both acid treatment for the sulfuric esters and basic 
treatment for the inferior nitrated products. This combination 
of conditions may be produced by boiling tlie nitrocellulose with 

1. Mon. Sci. 1018, S5, ITO, 241; abst. J, S. C. I. 1918, 37, 718-A; C, A, 
1019, 18, 186, 516; Chem Zentr. 1919, 90, 11, 297. 622. 
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a readily disswiable salt, such as O.KJr l.O'JJ; of its weight of 
magnesium di’oride, for about 12 hours. Satisfactory products 
are thus obtained which withstand the Abel heat test for CO 
minutes. , 

There is no doubt but what sulfuric acid advci^jcly affects 
the stability of the nitrocellulose, and as a nile, it has bpen found 
that a more readily purifiable product results from the esterifica¬ 
tion of cellulose in the presence of little or no sulfuric acid. 
Especially is this seen in the forniylation and acetation of cellu¬ 
lose, where the sulfuric acid, must be reduced to small amounts 
in order to produce esters of proper stability and desirable solu¬ 
bility and viscosity. 

Nitrated and Chlorated Guncotton. A miml)er of methods 
have been jiroposed and processes brought forward for combining 
nitrocellulose with other bodies in order to produce new and 
desirable results. The majority of the.se processes consist in 
impregnating the nitrocellulose with alcoholic or acpieous solu¬ 
tions of the materials in C|uestion, the nitrocotton being after¬ 
wards reduced to the dry state. 'I'he “chlorated guncotton” of 
S. Mackie, C. Fanre and (1. Trench;' the “bichromated nitro¬ 
cellulose” of J. l)a\ey,- and the nitrocellulose potassium triamid 
of C. BlondcaiF are e.xamples. 

It has been maintained by some that the actual impregnation 
of nitrocotton by (say) |)otassiuui nitrate in solution, and the 
sub,se<inent evaporation of the water, results in the formation of a 
compound having different and superior properties to.the me¬ 
chanical mixture of the two C()m])onents. 

'I'he salts which are especially suitable for admixture with 
guncottop in order to supply additional oxygen are potassium, 
ammonium and sodium nitrates, head nitrate has been for¬ 
bidden for this purpose in some countries on account of the 

I. K. P. 2712. 1870, t!)8, 1877; al)st. Her 1870, 9, 20,S, Bayer Ind. u. 
Gcwcrbcbl. 1876, 1*1; Dingl Poly. 1870, 221, 94; Deut. Imlustricztg. 1870, 
228; Wag. Jahr. 1870, 22, 480. 

2 K P. 2882, 1877; abst. Her. 1878, 11, l.'ltlO; Chcni. Centr. 1878, 49, 
640; Wag, Jahr. 1878, 24, 460. * 

3. J. prakt. Cheni. 1804 , 93, 820; Compt. rei»l. 1864, 58, 1011; abst. 
Instit. 1864, 105; Chem, Centr. 1805, 38, 44; Tahr. Chem. 1864, 17, 509. 
See also Compt. rend. 1865, d, 378; Bull. Koc. Chim. 1865, 3, 145; J. prakt. 
Chem. 1805, 95, 189; 96, 61; Industr»ztg, 1805, .388; Dingl. Poly. 1865, 178, 
147; Chem. Centr. 186.5, 38, 997; Poly. Centr. 186.5, 31, 1597; Mon. Sci. 
1861, 8, 564; Instit. 1805, 299; Jahr. Chem. 1805, 18, 595; Chem. Tech. Rep. 
1865, 4, II, no. Cf. Mon. Sci. 1865, 7, 898; abst. Wag. Jahr. 1865, 11, 412. 
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deleterious fumes evolved on combustion. The total combustion 
of nitrocellulcse and pota.ssium nitrate corresponds teethe equation: 

10C«H,8(N()aH)nO9 + 82KNO,, = lOOCOj + 41KiCt)3 + 

• 90Nj + I 45 H 2 O 

or 828 gm. ^42%) potassium nitrate per 1143 gm. (58%) cellulose 
nitrate. ' • 

Layout and ^ Construction of Modem Guncotton Plant. 
In the earlier days of nitrocellulose manufacture, special build¬ 
ings were not set aside for this manufacture, and it was not 
sufficiently recognized that the production of guncotton and the 
less explosive cellulose nitrates called for special, factory design 
and equipment, to successfully meet conditions not arising in the 
manufacture of gunpowder. 

The chemical engineering involved in the erection and main¬ 
tenance of a guncotton plant, involves the coordination of a large 
number of details in order that the individual steps in manufac¬ 
ture may synchronize to the end that the maximum output of 
satisfactory material with tlie minimum of effort, equipment and 
floor area may be assured. In the following suggested gener¬ 
alities, numerical statements, for the sake of uniformity, are 
based upon the rated production of .5000 pounds finished nitro¬ 
cellulose per 24-hour day of three 8-hour shifts, and allowing a 
six-day week, with a 20% leeway for apparatus continually out 
of commission. 

Site and Topography. In the selection of a site for the 
erection of a nitrocellulose plant, points to be taken into careful 
consideration are proximity to raw materials supply, expecially 
cotton and nitric and sulfuric acids; transportation facilities for 
employees and materials; location in an isolated, preferably woody, 
and sparsely settled region where the normal increment of habita¬ 
tion appears to ensure but little settlement in the immediate 
future; abundant supply of suitable water; rolling tmd hilly gro\jnd 
to permit of handling materials, especially acids, by gravity; 
good sewage for acid water; a large tract of ground so as not 
to endanger adjoining property, and preferably a location where 
the annual rainfall is not unduly Jiigh and where the proportion 
of damp and foggy days are low. A sandy soil is preferable, 
and location on deep rock strata should, if possible, be avoided 
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on account of the danger of propagation to great distances, the 
effect of an explosion. 

Climate. The plant, if possible, should be located in a mild 
climate on account of the long, exposed steam lines, long dis¬ 
tances for hauling on uncovered trucks; the ready maintenance 
of constant temperatures in dry houses; and the difficulties en¬ 
countered in placing the plant in operation in winter. About the 
only counterbalance is the facility of solvent recovery in cold 
weather, and the fact that in a cold, dry atmosphere the nitra¬ 
tion process usually proceeds more satisfactorily and with a 
smaller percentage of losses by fuming. The nitrating units 
should be so erected as to take advantage of the prevailing winds 
of the locality for the dispersion of acid fumes. 

Wafer. The amount of water required in the various proc¬ 
esses of nitorcellulose purification will average from 12 to 20 
gal. per lb. material produced, in addition to which is the water 
required for steam purposes and for refrigeration. A low per¬ 
manent hardness in the water is undesirable, but the presence 
of salts like magnesium which form soluble sulfates is not dele¬ 
terious. The presence of undue amounts of iron in the water 
is objectionable if the nitrocellulose produced is to be used for 
pyroxylin lacquers or for transparent plastics, and for the latter 
the organic matter (humus) in solution is exceedingly important 
as influencing the “whiteness” of the finished cellulose nitrate or 
acetate. The water storage tower, preferably erected on the 
highest point of the property as determined from the topographical 
map should also be located as near the source of supply as pos¬ 
sible to reduce cost of pumping, pipe line maintenance, and in¬ 
stallation costs. 

Topographical Survey. Immediately after acquiring title to 
a site, a topographical survey should be made, preferably at not 
greater than 20rfeet distances each way, and a contour map con¬ 
structed therefrom. From this the levels of the entire tract are 
obtained, and the location of the power plant and t!le several 
buildings determined so as to take advant'age to the fullest of 
gravity fall, and the ready transportation of materials from one 
building to another. 

Sewage. Where riparian rights are involved in the discharge 
of efifiuents, qp the potability of the discharge source may be 
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affected, or. discharge into streams or tributaries may possibly be 
in contradiction to the Fish and Game Commission regulations 
rigidly enforced in somij localities, the economical disposal of sew¬ 
age is a mijtter»of prime importance. There being practically no 
impurities in suspension, and no coloring matter in solution, the 
problem is one of neutralization. * 

Where sup]ilics of limestone arc located near by, filtration 
through a bed of calcium carbonate frequently renewed, has 
proven efficient, the precipitated calcium sulfate but partially 
clogging the mass, while the calcium nitrate, being water-soluble, 
readily passes away. With limestone delivered nt $1.7.") per ton 
of 20(K) lbs., the cost of neutralization in one factory using this 
method, has averaged O.bS cents per pound of nitrocotton pro¬ 
duced, the above being the average figure for IS consecutive 
months. 

Power. It is advantageous to locate the power house at 
the lowest point central to the plant, which makes a semi-cir¬ 
cular layout desirable to reduce length of pipe lines. Seldom does 
a water power plant supply the electrical power, unless the latter 
be purchased. Steam is required for the boiling tubs, cotton 
driers, poachers, and nitrocotton ^ry houses, and sometimes for 
the blenders, and this steam constitutes four-fifths of the boiler 
eapacity of the power house. A 2000 h. p. boiler capacity for 
heating and pumping, and 1000 h. p. for electric power, of 3-phasc 
480 voltg, (iO-cycle is ample. In case the electrical power is pur¬ 
chased, the power plant will consist only of boilers and the hy¬ 
draulic pumps and lire pumps, together with the pumping system 
to boiling tubs, poachers, etc. . , 

About 950 h. p. (depending on the season of the year) is re¬ 
quired for drying the cotton, preliminary' boiling, heating beater 
water and poacher water, running hydraulic dehydration, heat¬ 
ing the dry houses, and heating the buildings in Vinter. , 

The ^electric power required in horse power is approximately 
as follows: for cottpn picker, 25; cotton conveyor, 10; cotton 
dryer, 25; nitrating centrifugals if electric driven, 50; four beat¬ 
ers, 3.50; preliminary wringer, 30» general pumping, 1(K); poachers 
(12 of 10 h. p. each), 120; dehydrating wringers, 40; electric light¬ 
ing, 125. 

jOotistruction of Buildings. For buildings in which nitro- 
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cotton is Ifing manufactured, it is considered begt practice to 
have the walls as well as the roof of light construction in the 
event of an explosion. The nitratiiy; houses and the power 
plant are usually constructed of brick, while for the other build¬ 
ings, corrugated iron sheets attached to the usual 2" x 4' or 4' 
X 4" uprights, and with roof of similar material have been found 
satisfactory. The care in construction of the building will, of 
course, vary with the severity of the climate. 

The nijes governing the construction of danger buildings as 
outlined by H. M. Inspectors of Explosives, A. R. 1909, p. 5, arc 
as follows: , 

"'I'he lining of a danger building need not necessarily be of 
wood. ‘Neat’ cement, i. e., cement free from sand, or any other 
suitable material may be used. In fact, in very dusty buildings 
a lining which can be effectively washed down by means of a 
hose has many advantages. 

"The floor should be of soft material, such as wood or asphalt, 
free from grit; care being taken to fill up all interstices and crev¬ 
ices in which explosive dust may accumulate. Doors should 
open outwards and, while any one is in the building, should only 
be secured in such a manner as to be opened easily by a push. 
There should be plenty of them, and so far as practicable they 
.should face towards the path by which a work-person would 
naturally endeavor to escape. 

"(1) In working buildings, from which all the explosive is- 
removed on completion of the day's work, the more flimsy the 
construction the Viettcr. In view of the distances to which heavy 
masses of debris have been thrown by explosions, the somidness 
of the principle is obvious. The actual material recommended 
is match-boarding, corrugated iron, or sheets of light fire-resist-j 
ing material. For roofing, .slates and tiles are dangerous, and 
tarred felt cafHes fire, so that only corrugated iron and fireproof 
sheets remain, and there are objections to these; in fact a good 
roofing material for working buildings containing explosives is 
much wanted. 

"(2) In magazines, on the other hand, where explosive is 
present at all times, but where as a rule it is contained in securely 
closed packages, the chief danger to be anticipated is from un¬ 
authorized entry, and a substantial construction of brick, masonry 
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or concrete is called for. An exception to this is made in the 
case of a factory where a watchman is always pre&nt at night, 
on Sundays, and during holidays, in which case a reasonably » 
stout corrugated iron is dllowed.” 

The buildings usually comprehended in a plant for a daily 
production‘as previously stated, include: , 

1. Cotton and General Stores House, including railroad track 
scale. 

2. Cotton Picker House. 

3. Cotton Dry House, including the storage of the dried cot¬ 
ton until desired for nitration. 

4. Cotton Nitrating House, with accompanying acid tanks, 
acid weighing building, aiid enclosed pumping facilities, the oleum 
tanks having steam connections for thawing in cold weather. 

5. Preliminary Boiling and Beating House of ample size. 

6. Poaching, Hydro-extracting, Straining and Blending 
House, usually one building. 

7. Storage for hydro-extracted nitrocotton pulp. 

8. Aleohol-deliydfation Press Building, with the accompany¬ 
ing housing for the accumulator, and provision for rectification 
of the aqueous alcohol resulting from the process. 

9. Nitrocotton Dry House. 

10. Laboratory, Office, Drafting Department. Telephone, 
Fire Alarm and Watchman Clock. 

11. Steam and Electrical Power Plant. 

12. Carpenter, Plumbing, Tin-smith, Lead-burning and 
Painting Shop. 

13. Piping systems, air, steam, hot and cold water, acid and 

hydraulic lines, alcohol control, and Watchman shanties. ' • 

It is customary in a smokeless powder plant to arbitrarily 
divide the buildings into the guncotton group and the powder 
section, the buildings just mentioned comprizing the former^ 
section. * 

Lighting. In the preliminary boiling, poaching and hydro¬ 
extraction buildings, lighting through louvres in the roof in addi¬ 
tion to lateral lighting is efficient, but in those areas where dry 
nitrocellulose is stored and' handleh attention should be directed 
to the fact that ignition has occurred from the focusing of the 
sun's rays by means of a sheet of glass containing^ an imperfec-' 
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tion, the flaws undoubtedly fonning lenses which concentrated 
the light an^ heat of the sun by focusing. For this building, 
so-called prism glass, consisting of a series of parallel lines tending 
to disperse the light rays, have been fqjind to give satisfaction 
and eliminate this possibility of danger. Painting the windows 
or affixing curtains thereto has been found less satisfactory, for 
the paint may wear off or bewme nibljcd, while the operator may 
neglect to draw the curtains. 

For artificial lighting, electricity is now almost universally 
employed. Incandescent electric lamps, enclosed in a glass bowl, 
the wiring being all in piping, and the connections as far as pos¬ 
sible located outside the buildings, is a method which has proven 
entirely satisfactory. 

It has been experimentally ascertained that gunpowder and 
also finely powdered nitrocellulose will fire if the globe of an 
incandescent electric light be broken in an atmosphere contain¬ 
ing such dust in suspension, hence the necessity of protecting the 
lamp by an outer glass globe, and this latter by a strong copper 
wire cage. The outer glass glolie should be provided with an 
inlet and outlet tube for admitting a circulation of air, the capacity 
of the outer globe being such as to ensure that the temperature 
therein shall not Income greater than 50°. In unusually dusty 
and dangerous localities, the outer globe may be so arranged as 
to contain water instead of air, and a circulation of water main¬ 
tained. In all instances where complete globes are used, one 
side should be painted to obviate the possibility of the focusing 
of heat rays. 

Lead wires should be enclosed in either metal tubing or 
piping up to the lamps, and tlie lamp wires should be soldered to 
the leads, each lamp being provided with a fuse cut-out outside 
the magazine. The fuses should consist of 0.035-0.04-inch tin 
wire, additional wires in parallel being provided when necessary. 
Each lamp shoUld be provided with a double-throw switch out¬ 
side the magazine, by means of which the circuit may ^e broken, 
and the magazine lighting system should inc]ude an efficient leak¬ 
age detector and lightning arrester. The potential difference 
between any two points in the iRreuit should not exceed 110 volts. 

Where electric lighting is not available as in the case of 
magazines, lamps containing candles of rape ml have been used. 
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the lamps being so mounted in recesses of the walls that they can 
be opened ffom the outside of the building only. ^For portable 
lights, hand electric flash lights arc probably best. 

Colton -Area. The cotton storage sheds, either a portion of 
the general stores, or a separate building, should be of capacity 
for at least flO days' supply, and 30 days’ supply should be con¬ 
tinually maintained. This is a frame and corrugated iron build¬ 
ing, cement floor and not heated. The cubical contents of the 
bale (pressure to which it has been subjected) will determine the 
size of the cotton storage, and this varies greatly in different 
countries (see p. .ISO). 

The cotton picker house is a one-story buildjng, with addi¬ 
tion or lean-to for motors and exhausters, of frame construction, 
corrugated iron covered, and heated. Concrete floor. In addi¬ 
tion to the pickers, contains exhaust fan (3(1"), tin circular cotton 
conveyor and scales. The cotton conveyor discharges to the 
cotton dry house. Automatic sprinkler system and good ven¬ 
tilation is necessary. 

The cotton dryhouse is of fireproof construction, ecpiippcd 
with automatic sprinkling system and should be well ventilated. 
In addition to the drying system, several hundred tin cans for 
storage of cotton in amounts equivalent to one nitrating batch 
should be provided, together with a’dequatc storage capacity for 
full and empty cans. An ample tin lined storage bin for cotton 
is desirable. In one form of constniction, the dry house is of 
two stories, the air heated to 100° being forced up and through 
the cotton from below. Three steel plate blowers, engine driven, 
with heating coils suflicient to ensure a uniform temperature not 
lower than 0.')° should be installed. 

The cotton dryhouse may with advantage be connected with 
the nitrating house by means of a platform on which runs an 
industrial track for conveying the cans of weighed and cooled 
cotton to the nitrators. ' 

Colton Nitrating Area. The nitrating building of brick, con¬ 
crete or hollow tile, with brick floor containing asphalt, hydrex,' 

1. Anon, Zts. Schiess. Spreng. 1914. 9, 248; abst. C. A. 1914, 8, 2949. 
H. Cohingham, Home Office Rept. 1915, TXi, 0; abst. C. A. 1915, 9, 2502, 
J. S. C, I. 1915, J4, 688. W. Curphey.iChem. Trade J. 1917, *1, 117; abst. 
C. A. 1917, 12, 3386. R. Davidson, E. P. 12233, 1910; abst. ]. S. C. I. 1911, 
SO, 272; C. A. 1911, S, 2919. A. Dcsborough, T. S. C. 1. 1904, 23, 560. B. 
Dunn, B. E. Acc. Bull. 35, abst. C. A. 1917, 12, 2044. Escodeca, Compt. 
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or several layfrs of butt-jointed, acid-proof felt, arid efficient 
ventilating system, is a one-story building where pot, centrifugal 
or displacement system of nitration is used, or three stories where 
the mechanical system of nitration has been installed, ftr a fourth 
floor, where the vertical motor is installed separately. Abundance 
of fire escapes with plenty of exits thereto. Plenty of windows. 
The equipment comprizes the nitrators, means for heating and 
cooling the entering nitrating acid, and wooden containers for 
drowning the nitrated cotton. 

In the acid storage, which consists of a series of cylindrical steel 
boilers in a concfetc cradle, containing strong nitric, concentrated 
sulfuric, waste acid, oleum, and acid mixture ready for use, vary 
in capacity from lOOOO lOOOIH) lbs. and should be protected from 
tile sun by means of a shed or at least a roof, it having been 
(lemonslrated that the sun on a hot day decomposes the nitric 
acid with the evolution of sufficient nitrous acid to affect the 
result of nitration. A waste acid egg is usually located in a 
concrete pit, from which the acid may be pumped to one of 
several tanks at will. A satisfactory flooring for the nitrating 
house consists of acid-proof bricks laid without mortar or other 
cement, there being poured in a mixture of high melting paraffin 
and beeswax. The walls of the building may lie constructed of 
plaster over wire, and this coated with the paraffin-wax mixture. 
It is hardly necessary to mention that all plaster and concrete, 
should be of quartz or trap rock and not contain limestone on 
account of acid action. 

The acid mixing house— a one-story building usually—frame 
and corrugated iron construction and heated, contains the acid 
mixing tank set on .scales, and provided with stirring arrangement 
driven by 10 h. p. motor. The acid piping consists of 3" to 5' 

rend. 1848, 27, 1,58., E. Gad, Ocust. Chciii. Ztx. 27, 100; abst. C. A. 1910, 
4, 1234. W. Graff & Co , I). R. P. 20i;i93, ItKKi; abst. C. A. 1909, 3, 2376; 
Chein. Zts. 1908, 7, 1001. A. Hamilton, J. Amcr. Med. Assoc 1917, $S, 
2445; abst. C. A. 1917, 12, 2043. C. Hexanier, Proc. Nat, Eire Proftc. Assoc, 
1910, 257; abst, C. A. 1910, M, 2149. W. Maciiab and E. Ristori, Bcr. 
189.5, 28, 1018, R. Scheuffgen, I', ,S, P. 11189.52, 1914; abst. C. A. 191.5, 
9, 244. Petroeluin, 4, 927; abst. C. A. 1909, 3, 2376. Pharm, J. Trans. 
4, 136. Compt, rend. 1848, 27, 264. •Mon. Phot, 1862-1863, 2, 100; 1869- 
1870, 9, 147; 1878, 17, 60; Chem. News, 1804, 9, 274; 1866, 14, 180; 1867, 
18, 86, 113; 1871, 24, 131. Phot. Work, 1892, 1, 234, Ann. d'Hyg. Pub. 
Med. Legale, 1891, (31,44,271 Photography, 1892, 4,616. Anthony, Phot. 
Bull. 1892, 23, 58(V Ann. Rep. H. M. Inspect. Expl, 1900, 23, 212. C. A. 
1913,7, 1610, I e , 
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cast iron, joints being metal to metal, flanged tested to 100 lbs. 
pressure, and acid valves as previously described (see p. 1468). 
A 5(H)00-lb. capacity milking tank, takes care of a 40000-lb. mix 
nicely. TMe acid tanks require 30-lb. air pressure for transference 
of acid expeditiously. With ideal natural gravity jail, the original 
nitrating acid flows to the weighing tank, thence by gravity to 
the nitrating house, being pumped only when the spent acid in 
the sump is elevated to the level of the storage tank system. 
Where sulfuric acid of 60° B^. is used, the tanks arc lead-lined. 

Nitrocotton Stabilizing Area. A natural fall from the acid 
storage tanks to the acid scale house and nitrators, thus per¬ 
mitting gravity supply is desirable, but not necessary if acid 
pumps are installed, while it is also advantageous to locate the 
boiling tubs at a lower level than the nitrators, and thus be able 
to convey the purified nitrocotton from the pulper to the poacher 
by gravity. This should require a fall from the acid tanks to 
poachers of about ?.') feet for efficient working. A slight grade to 
facilitate trucking of the product from poachers would also be 
advantageous. 

From the drowning tubs in the nitrating building—one of 
which will take care of the edntents of two centrifugals—the 
nitrocotton is cither forked out into-wooden trucks and pushed 
over manually or mechanically to the preliminary boiling house, 
or an automatic bucket arrangement may be used. If the latter 
is employed, the material from the drowning tubs is flowed to a 
sump where it is picked up by means of an endless belt and bucket 
arrangement, carried to the boiling house and there dumped into 
waiting trucks where it is wheeled'to any desired boiling vat. 
A circular boiling tub 9' x 7', allowing for a 0" false bottom, 
will accommodate a charge of 1809 lbs. nitrocotton. Preliminary 
boiling capacity should be calculated on the basis of 10 days’ 
output of nitrocotton, i. e., a 5000-lb. plant should provifle boil¬ 
ing capacity for 50000 lbs. at one time. The tanks are con¬ 
structed of 3" cypress, iron hooped. The boiling house is two 
stories, of frame and corrugated iron, heated, the tubs being 
mounted on piers, with plank tr&eking between tubs. The floor 
is of concrete. The operation of a factory may start with the boil¬ 
ing tubs not being under cover, and the building erected afterwards. 

' In the pulping operation, this is either carried on in a sep- 
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arate portion of the same building as tire preliminary boil, or in 
a separate building connected by a covered platform. The pulp¬ 
ing building is frame, of corrugated iron, heated. Hard maple 
floor, with concrete foundations under betters. Hot water tank 
installed for supply of water to beaters. * 

Poaching is taken care of in a building separate’from the 
boiling and beating, and of the same general construction, cen¬ 
trifugal pumps carr)’ing the material from beater to poacher. 
The usual size of poacher is 1(1' diameter, T'fl" deep, provided 
with propeller type agitators, driven through l>evel gears on shaft 
with tight and loose pulleys. 'Pubs of 2" cypress. Floor, hard 
maple. Concrefe sedimentation basin under the tubs mounted 
on concrete piers. The poaching building requires in addition, 
dchvdrating centrifugals with bottom discharge, lead lined blend¬ 
ing bin, scales, wooden shovels, blending tank with agitator and 
boxes for storage of nitrocotton. 

In the alcohol dehydrating, a frame and corrugated iron 
building heated is desirable, but with wocKlen floor covered with 
linoleum, and walls lined inside with galvanized beaded siding, 
with soldered joints. 'I'hc vertical, hydraulic, dehydrating eylin- 
dir press contains water cylinders above and below, is bronze 
lined, casting of steel .\t least .S automatic alcohol measuring 
tanks should be ])rovided, and 2 cylindrical tanks 4' x 1(1' for 
a(ineons or spent alcohol, together with the requisite piping alco¬ 
hol to presses, and presses to weak alcohol storage 'I'he receiving 
alcohol tanks are usually of ."idO-gal. capacity, and there should 
be a drop from the alcohol storage to the alcohol dehydration 
buildings. The weak alcohol storage tanks are conveniently of 
l.jOtlO gal? each. 

In the drying the nitrated cellulose after centrifugalization 
subsequent to blending, there is required shelf space calculating 
that a screen 2' x,2' will comfortably hold 10 lbs. of material, and 
that 1.') such screens is about the comfortable limit for height. 
Therefore, 2'2'' x d'.S" floor area will accommodate about 3.)0 
lbs. nitrocotton at one time, based on the dry weight. From 
this the capacity of the dryer may be calculated, due allowance 
being made for aisles. • 

Xitrocolton Storage. O. Guttraann' has descrilxd improve- 

1. E. P. 4094,1<)()9; abst. J S. C. 1.1(00, 29, :i7.S; Armsand Expl. 1910, 
M, i>4. Set also > S. C. 1 1<K»8, 27, (Hi!), Zts. Schiess. Sprens. 1908, J, J66. 



1922 


TECHNOLOGY OF CELLULOSE ESTERS 


ments in buildings intended for the manufacture and storage of 
explosives and applicable to nitrocotton storage, Vhich consists 
in a concrete or porous brick construction, the roof consisting of 
a wooden principal, but having stretched on both the upper and 
lower side* sheets of expanded metal, wire netting or similar 
material. ’ On the lower side a lining of matched boarding may 
be placed, an4 the roof then covered in the usual way with sheets 
of zinc. The patentee claims that such expanded metal is not 
readily perforated by falling debris, but the impact is taken up 
by the whole of the metal, somewhat similar to a wire mattress. 
'I'he idea is intended to obviate the tendency of heavy pieces of 
debris and machinery falling upon the building crushing it. 

A guncotton store house should be of fireproof construction, 
light roof, not heated and with hard maple floor.' Owing to the 
dangerous nature of nitrocellulose when in the dry state, and 
especially when finely pulped, the same precautions in storage 
should be observed as with the so-called high explosives. 

It is expedient that these dry houses be classed as danger 
buildings and treated as such. Therefore they should be sur¬ 
rounded by an.earth mound reaching to the roof, so as to deflect 
the force of the explosive wave upwards in event of an explosion. 
The entrance through the modnd should, if possible, be directly 
opposite the door of the building. The floor of the building 
should be covered with oilcloth, or better, with sheet lead, the 
sheets of which have been joined by burning, and the sheets 
carried up to at least a foot above the floor on the walls at each 
side. The floors should be kept scrupulously cleaned by careful 
brushing and occasional mopping. All windows arc to be made 
of frosted glass, all doors open outwards, the doors befng locked 
when the building is unoccupied, and provided with a spring catch 
only, when workers are inside. The workers should wear all 
wool clothes provided with no pockets, and ,should carry with 
them no metallic articles as buttons or jewelry. Dangfr build¬ 
ings being located in the proscribed or “clean” area, no one 
should be allowed to enter unless they don special rubber shoes 
provided there for that purpose. As explosives are easily elec¬ 
trified, it is advizablc that a f4w copper nails should be placed 

1. J. C. S. 18t)8, 20, S.W. Enx. Min. T. SO, 328; abst C .\. btOO, J, 


2872 
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in the sole and heel of the workers’ shoes, so as to earth the wearer. 
This is especially important when handling dry, finely powdered 
(pulped) nitrocotton. 

No one should be allowed to enter tite building except those 
duly authorized, or except in the presence of the pcrs<Jn in whose 
charge the explosive is placed, and the latter should be responsible 
for the strict observance of all the prescribed safety regulations. 
.■Ml who enter should be carefully searched, and matches, other 
easily combustible articles, or iron or steel articles should be 
removed. The shoes should be carefully cleaned on a mat pro¬ 
vided for that purpose, and magazine rubber overshoes placed 
on the feet of eifch person. 

When guncotton is to be examined in a magazine, canvas 
should be placed on the floor that any falling dust may collect 
upon it, and at the close of the examination ihc canvas should 
Ire carefully folded from the outside inwards, taken outside and 
there carefully dusted. An inventory list showing the contents 
of each magazine should be readily accessible and open to inspec¬ 
tion to any authorized party. The guncotton as received should 
be visually examined carefully, and the appearance of the pack¬ 
age noted as to the presence of any grit, dirt or other extraneous 
matter, a permanent record being kept of all such examinations, 
together with the distinguishing marks on the individual pack¬ 
ages. A sample of each shipment submitted to storage should 
be kept and these periodically examined for any indications of 
approaching instability. 

Packages which are used for explosives a second time should 
be examined to see if their condition as to strength and freedom 
from imparrity is such as to warrant their re-use, and all former 
marks obliterated. 

C. BicheP has illustrated and described a proposed method 
of concrete constroction for explosives buildings of moderate size, 
in which the entire building is covered over with earth except 
one side for light. Each building is surrounded by % massive 
earth wall, entrance being by means of tunnels, the openings of 
which are likewise protected by heavy walls. The advantages 
claimed for this type of building are (1) dangerous heavy pieces 

1. Zts. Schiess. Spreng. 1910, 5, 182; abst. C. A. 1910, 4, 2880; Meyer 
Jahr. Chem. 1910, 20, 326; Wag. Jahr. 1910, SO, I, 500. 
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of debris cannot be thrown in case of explosion; (2) lightning 
protection *s unnecessary; (3) the entire buildiii| is fireproof; 
(4) danger from failing debris from a nearby explosion is limited. 
The effect of,dampnesses not stated, although it must be consid¬ 
erable. • 

The Societe d’Etudes Chimiciues I’lndustriei have described 
a process for preventing danger of explosion by adding to nitro¬ 
cellulose or otlier porous material with the explosive, hydrazoic 
acid, thus tending to diminish danger of handling. 

Ventilation of Nitrocotton Storage Magazine.';. It is important 
that magazines containing nitrocellulose, like those containing 
gunpowder, should be properly and thoroughly ventilated. Where 
.stored in damp magazines, the cellulose nitrate may become 
moldy or otherwise deteriorated, and its ballistic value thereby 
correspondingly reduced. With nitrocellulose smokeless pow¬ 
ders, the temperature of the magazine is not without influence on 
the muzzle velocity. For instance, it has Ireen ascertained that 
powders tested iij summer weather and used in target practice 
in winter gave lower velocities, and conversely. Corrections for 
variation in velocity due to the above have been determined and 
plotted. The humidity and temperature of magazines are, there¬ 
fore, of considerable moment wfiere the material is stored therein 
for long periods. It is a generality with the majority of nitro 
explosives that an abundant circulation of air should be main¬ 
tained, so that in the event of incipient decomposition, the fumes 
would b^ automatically dispersed, and a cumulative effect thereby 
be prevented, or at least minimized.' In order to prevent con¬ 
densation, the circulating air should alwaj's be maintained above 

1. E. P. l.'S0166, 1919; J. S. C. I. 1919, 38, 742-A. See also Anon , 
Elec. World, 1916, 67, 433; abst. C. A. 1916, 10, 857. 

2. H. Coningham, J. S. C. I. 1911, 30, 1335, 1470. A. Coopcr-Kcy. 
Spec. Kept. H. M. I. Expl C. C,; abst. C. A. 1912,6,804. H. M. Inspect. Expl 
Kept. No, 1919, 23S; abst. C. A. 1919, 13, 1391. E. Bouchard-Pracciq. 
D. R. P. 211866; abst. Jahr. Chein. 1909, 62, 389; Wa'g. Jahr. 1909, 55, 1. 
430. Fabfik Explosionssichercr Gefasse, D. R. P. 266097; abst. C. A. 1914. 

8, 2248; aicm. Ztg. Rep. 1914, 38, 144; Wag. Jahr. 1913, 59, 1, 120. E. P 
6327, 1912; abst. C. A. 1913, 7, 2998. R. Kaiser, D. R. P. 207741; abst. 
Wag. Jahr. 1909, 55, if 430. Martini 8i Huneke Maschinenbau-Akt. Ges, 
D. R. P. 283696, 1912; abst. C. A. 1915, 9, 3,363; Chem. Ztg. Rep. 1915, 39, 
216; Wag. Jahr. 1915, 61, 11, 261. T<Rosenthal, Chem. Ind. 1912, 35, 444. 
abst. C. A. 1912. 6, 2839. J. Thomson, J. S. C. I. 1905, 26, 690. Meehan. 
Mag. 26, 192, 207, 225; abst. Eng. 12, 148, 156, 161; Quart. J. Sci. 8, 494. 
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the dew-poial', and frequent hygrometric and psychrometric 
determinations should be made. 

This may be effectively accomplished by either keeping the air 
in the magazine above the dew-point by passing it ower heated 
steam coils aided by a fan to stimulate circulation; by-arranging 
air-shafts with revolving hoods to face the wind, and thereby con¬ 
duct a large volume of air through the dry-house; or, by opening 
the doors and windows to the outside air, whenever the atmos¬ 
pheric conditions of temperature and moisture are favorable. 
The natural method of air regulation by means of ventilation is 
effected by mesftis of a thermometer placed inside and located 
near a window that it may lie read from the outside, and psy- 
chrometers placed outside the magazine, but protected from the 
sun, wind and rain. Details of procedure are contained in Vol¬ 
ume VII of this series. 

lAghtning Protection. All magazines carrying considerable 
(luantities of nitrocellulose should be protected from lightning. 
Much controversial has been written as to the efficiency of the 
ordinary lightning conductor, in which the lightning is supposed 
to obediently follow the various turns and twists of the con¬ 
ductor, and finally harmlessly disseminate itself in the ground. 
In the United States and some parts of Europe, fierce thunder 
storms are of frequent occurrence at certain seasons of the year, 
while in England they are less prevalent. It has been suggested 
that the best method of protecting storage magazines from light¬ 
ning is to construct them entirely of metal, extending the sides 
down to moist soil, or else connecting them well in a number of 
places. Another suggestion put forward consists in covering 
completely the building with strong wire netting, or running a 
number of large iron wires along all ridges and edges, with 
groups of wires radiating from the comers, the entire system 
being efficiently grounded.' 

Dangers in Connection with the Nitration of CoUulose. 
With the exception of the infrequent explosioRS of cotton dust in 
the cotton drying operations, fuming off in the nitration, and 

1. A description of the various'forms of apparatus designed for the 
protection from lightning of buildings containing explosives is contained in 
Spreng. Waffen. Munitions, 2 , 254; abst. C. A. 1907, 1 , 2828. See also 
von der Hagen, Spreng. Waffen. Munitions, I, 162; abst. C. A. 1911, S, 25M. 
Chem. Ind. 1912, 3S, 480; abst. C. A. 1912, t, 35^. • 
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the possible drying of the nitrocotton instead of alcohol dehydra¬ 
tion, there is practically no danger in the proces? of manufacture 
as a whole for the reaswi that the majority of the steps in purifi¬ 
cation are ^drried on in the presence of a large excess of water, 
and the probability of an explosion thereby reduced to a minimum, 
although it is conceivable that a particle of guncofton may explode 
when struck by a heavy weight, even when wet. Once it has been 
immersed in water in any container where the water is frequently 
changed, then the nitrated cotton is no longer subject to sudden 
decompositions during the subsequent steps in manufacture, but 
the acid and other extraneous products contained therein must 
be eliminated, or a gradual decomposition will subsequently ensue. 

The compression of guncotton into cartridges requires con¬ 
siderable care—more so than with gunpowder—as this is done 
in the warm state, and guncotton, even when cold is more sen¬ 
sitive than gunpowder. 

Among the more important precautions to be observ'cd in 
the conversion of vellulosc into nitrate, are the following: 

1. The cotton should be carefully freed from resin, fat and 
other impurities. 

2. In the drying of cotton preparatory to nitration, care 
should be exercized that accumulations of dust in the drying 
apparatus be periodically removed. 

3. In nitration, scnipulous care is to be observed that a drop 
of water, does not fall into the centrifugal during or at the close 
of the acid removal process. 

4. Efficient ventilation of the nitrating house, and danger 
from acid burns. 

5. The nitrocotton immediately after removal of acid should 

be pluirged into a large bulk of cold water and thoroughly disin¬ 
tegrated by stirring to guard against local decomposition. This 
precaution is unnecessary in the displacement ‘method qf nitra¬ 
tion. The warmer the nitrated mass and the less the volume of 
water the more liqble is decomposition to occur. Hence on 
warm, damp days, the nitrating centrifugals are more prone to 
fume of. I 

6. In the manufacture of guncotton blocks and cartridges, 
the pulped mass from the dehydrating centrifugal should be 
sifted in order to detect nails or other foreign* matter, which 
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should be completely removed before the pressure js applied. 

7. In guncotton compression, while in general the pistons 
perfectly fit the mold, yet there is no l«iown metal which will 
indefinitely withstand the constant friction from pressure, and 
after a time will become wider in that part where the.maximum 
compression has taken place. If the position of the molds and 
pistons are not precisely the same, then binding occurs, i. e., the 
mould will stand obliquely in respect to the piston, and a danger¬ 
ous friction may result. 

.S. Where for certain purposes as in the manufacture of tor¬ 
pedoes, enginee»s cartridges, etc., the guncotton has to be turned 
in a lathe, drilled or planed, this should always be done under a 
constant stream of water, in order to keep the guncotton and the 
tool cooled. ^ 

!). During guncotton compression, ample protection should 
be given the men operating the valves. 

10. In the drying operation, automatic electric appliances 
should be installed to indicate and warn against a rise in tem¬ 
perature above the considered permissible maximum. 

11. Where the drying is assisted by means of a current of 
warm air passing over the nitrocotton, great care should be given 
to the proper grounding of the drying apparatus. 

The use of ammonia for neutralizing the acidity in stabiliz¬ 
ing nitrocotton, with the fonnation of ammonium nitrate, has 
long since been shown to be a real source of danger, and its use 
has been abandoned. 

Transportation of Nitrocellulose (not explosives in general). 
Due primarily to a numlier of serious accidents in various 
countries, Austria,' Holland," New Zealand," United States,* 

1. Transportation of Collodion in Austria, Phot. Corresp. 1877, 14 , 

2.54, 

2. Industry tftid regulations of explosives in Holland, C. van-Pittius, 
Zts. Schie,ss. Spreng. 1008, 3 , 1.37. 

3. Importation, storage and transportation of explosivqs in New 
Zealand, The New Zealand Gazette, abst. Zts. Schiess. Spreng. 1908, 3 , 138. 

4. Regulations for transportation of explosives and other dangerous 

articles by freight and express, and specifications for shipping containers: 
Interstate Commerce Commission, Ju)y 2, 1914; abst. C. A. 1914, S, 3121. 
R. Adamson, Chapt. 10, Code of Ordinances. City of New York, 1916; abst. 
C. A. 1918, 12 , 426. .Safety standard of the industrial board for plant manu¬ 
facturing or using explosives, Pennsylvania, April 1, 1917; abst. C. A. 1917, 
U. 1547. Promotion of safety in transportation of explosives, etc., in the 
U. S. A.: B. Duifo, J. Frankl. Inst. 1910, 106; Bur. Explo. Reports, 

• • 
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Enj^land,' Germany* and other countries have either independ¬ 
ently enacted laws or provided safeguards for the transportation 
of dangerous, inflammaj)le and combustible materials. Of these 
materials, yiis topic has to do solely with nitrated cellulose. 

Many, of the regulations in force in the various countries 
have apparently not been drawn with the assisfance of experts 
in the subject of nitrocellulose, with the result that the regulations 
often work hardships on the guncotton manufacturers, being 
inconsistent in many important respects. This is an important 
matter, and has worked much hardship in the trade in the past, 
and proven a potent factor in deterring the development of manu¬ 
facturing and distribution. 

The Senate and General Assembly of the State of New Jer¬ 
sey have legally defined an explosive as “any chemical compound 
or any mechanical mixture that contains any oxidizing and com¬ 
bustible units, or other ingredients in such proportions, quantities 
or packing, that an ignition by fire, friction, concussion, percus¬ 
sion or by detonator, or any part of compound or mixture may 
cause such a sudden generation of highly heated gases that the 
resultant gaseous pressures are capable of producing destructive 
effects to contiguous objects, or, of destroying life or limb, but 
not including colloided nitrocellulose in sheets or rods, or grains 
not under one-eighth of an inch in diameter, or wet nitrocellulose 
containing 20% or more of moisture.” 

While the various Governments have established rules which 
vary somewhat among themselves, yet one is typical of the others, 

see C. A. 1S)0H. 2, 1886; 1909, S, 838, 108.5, 1.592; 1910, 4, 1809; 
1911, S. 2178; 1912, 8, 420, 1,307; 191.3, 7, 2117; 191.5, 9, 1.392; 1916, M, 1271; 
1917 , U, 1,547. Kegtilaticms for the transportation of cxplosi^s in the 
U. S. A.; Oil, Paint and Drug Rep., Tuly 18, 1908; abst. J. .S. C. I. 1908, 27, 
8.34, 918; see also J. S C. I. 1908, 27, 714. C. Beistle, Shipping Containers, 
J. Ind Kng. Chem. 1919, U, 074; abst. C. A. 1919, 14, 1018, 176.5. Por a 
discussion of the common law liability in case of explosion of chemicals see 
C. Sherlock, Chem. Met. Eng. 1919, 21, 8.3; abst. C. A. 1919, 11, 2129. 

1. Transportation of guncotton, Wilson and Prentice, Chem* News, 
1868, 17, 1^.5; Mon. Sci. 1808, 10, 610; Dingl. Poly. 1888, 109, 78; Poly. 
Centr. 1808, 14, 1277; Wag. Jahr. 1868, 14, 357. See also Arms St Explo. 
1896. 4, 107, 124, 147. • 

2. Por transportation of collodion cotton on railroads, etc., see H. 

Vogel, Industriebl. 1878, 126; Chem. Ind. 1878,1, 120; Phot. Corresp. 1875, 
12, 157; 1878, IS, 17, 21, 45, 69; 1880, 17, 168 208. German Railway Regu¬ 
lations for Transportation of Explosives; Zts. Schiess. Spreng. 1909, 4, 111; 
ubst. C. A. 1909, 3, 1928. See also Zts. &hie.ss. Spreng. 1908, 3, 176. Tests 
and regulations of the German Railway Administration, Zts. Schiess. Spreng. 
1909*4,175. • 
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and the regulations of U. S. Interstate Commerce Commission 
are cited herdn as indicative. It is forbidden to transport by 
freight “nitrocellulose in a dry and uncompressed condition in 
quantity greater than U) pounds net Veight in one exterior 
package.” • 

Inside packages containing not more than 1 pouhd each of 
dr>’ uncompres.sed nitrocellulose, wrapped in strong paraffined 
paper or other suitable spark proof material, will be accepted for 
shipment if securely packed in an outside package that complies 
with Specification No. 14 and is marked as prescribed in para¬ 
graph l.)59. Outside packages must not contain more than 10 
pounds of dry nitrocellulose. 

(cl The gross weight of an outside package containing not 
exceeding 10 pounds net of dry nitrocellulose, not compressed, 
packed as prescribed in paragraph 1.must not exceed .35 
pounds. Compressed sticks or blocks of dry nitna'cllulose (gun¬ 
cotton) wrapped in strong paraffined paper may be shipped in 
outside packages complying with Specification No. 14, with a 
gross weight not exceeding 75 pounds. 

1047. Detonating fuses or blasting caps or electric blasting 
caps in any ejuantity must not be loaded in a car or stored with 
high explosives of any kind, wet fulminate of mercury, explosive 
projectiles, explosive torpedoes, explosive mines, explosive bombs, 
nor with wet nitrocellulose, wet nitrostarch, wet picric acid, wet 
trinitrotoluol, or wet tetranitroanilinc, or wet tetranitromethyk 
aniline. 

Nitrocellulose wet with solvent is an “inflammable liquid 
flashing at 40° 1'. Must contain not less than 30% by weight 
of a solvent whose flash point is not lower than 40° F., and must 
be packed in gla.ss bottles, or in a securely closed metal ves.sel 
that will stand the drop tests prescribed for metal barrels. Nitro¬ 
cellulose or nitrgstarch wet with 20% water is an inflammable 
solid, while dry nitrocellulose and dry nitrostarch are high ex¬ 
plosives.” • 

“Nitrocellulose, nitrostarch . . . . • uniformly wet with' 
not less than 20 lbs. water to 80 lbs. of dry material .... 
must be packed in wooden barrels or kegs complying with Spec. 
10, or in wooden boxes complying with vSpec. 17, and marked 
WET NITROCELLULOSE—20% water. The gross weight of 
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any box or keg must not exceed 450 lbs.” 

"High explosives are all explosives more powerful than or¬ 
dinary black powder, except smokeless powders and fulminates. 
Their distinguishing characteristic is their susceptibility to detona¬ 
tion by a blasting cap. Examples of high explosives are . . . 
dry nitrocellulose (guncotton) and dry nitrostareh.” 

The Prussian Regulations regarding wet nitrocellulose are‘ 
that when containing at least .50% by weight of water or alcohol 
is not to be regarded as an explosive, provided proper care is taken 
in packing to avoid drying out. Nitrocellulose in this condition 
cannot be detonated by means of a blow, shock, flame or the 
action of a strong detonator. 

F. Chamberlin* has proposed to ship explosives as nitrocel¬ 
lulose under a hydrocarbon oil, while J. Bouchard-Praceiq’ advo¬ 
cates protecting nitrocellulose and other explosives during trans¬ 
portation by surrounding them with carbonates and moss. 

Recent Advancement. In the method of cotton nitra¬ 
tion of V. Smew* a series of nitrating vats are carried on 
a circular table, which is rotated to bring the vats in succession 
first beneath measuring devices from which they receive their 
charge of acid and material to be nitrated, and then beneath 
immersion and agitating devices for depressing the material into 
the liquid. From this, the material is automatically tipped 
into centrifugals and nitrated in the usual manner. C. Claessen'’ 
gelatinizes nitrocellulose by heavy pressure with aromatic 
nitro-bodies, and produces smokeless powders* in which the length 
is so adjusted with respect to the diameter that pre-determined 

1. Ministerialbl. Handel u. Gewerbe, Mar. 14. UHl; Zts. Schiess. 

Spreng. 1911, 6 , 15H; abst. C. A. 1911, S; 2950. . . 

2. U. S. P. 896622, 1908; abst. J. S. C. I. 1908, 3, 961; C. A. 1908, 2, 
3283; Chem. Ztg. Rep. 1908, 32, 510; Zts. Schiess. Spreng 1909, 4, 96. 

3. E. P. 10129, 1908; abst. C. A. 1909, 3, 1929; J. S. C. I. 1908, 27, 
1223; Zts. Schiess. Spreng. 1909, 4, 137. 

4. E. P. 148124, 148125, 1920. See also F. Barrett, New method 
of detecting woody impurities in cotton and cotton waste, J. S. C. I. 1920, 
39, 81-T; abst. Chem. Zentr. 1920, 91, IV, 150; Chem. Tech. Ubers. 1920, 
44, 219. E. Beckett, Determination of N in nitrocellulose by means of the 

• nitrometer, J. C. S. 1920, 117, 220; abst. Chem. Zentr. 1920, 91, IV, 207. 

5. D. R. P. 298565,1916; abst. Chem. Zentr. 1920, 91, IV, 206; J. S. C. 
I. 1920, 39, 676-A. 

6 . D. R. P, 298566, 1915; abst. Chem. Zentr. 1920. 91, IV, 206. For 
the strength and velocity of detonation of various military explosives, see 
W. Cope, J. Ind. Eng. Chem. 1920, 12, 870. 
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ballistic effects may be obtained by partial peripheral gelatiniza- 
tion. ' ' 

According to W. Delpech' French B-powder is converted 
by the addition of 3% vaseline or petrdleum oil into a powder 
with no muzzle-flash. The nitrocellulose composition df J. Kessler’ 
comprizes a cellulose ester and an alkyl ester of dn acyloxy 
derivative of a higher fatty acid. J. Jarvis’ diminishes inflam¬ 
mability in nitnx^ellulose by adding cellulose acetate, chloral 
hydrate and cinchonine. Gillet & .Sons’ gives to vegetable fibers 
the character of wool and an increased affinity and absorbent 
capacity for dyestuffs, by precipitating thereon nitrated starch, 

J. Small and C. Higgins’ have contributed valuable data on 
the manufacturing technique of cellulose nitration. The coated 
nitrocellulose powder of R. Woodbridge' contains an adherent 
coating of black power. The Akt. Gcs. Siegencr Dynainit Fabrik’ 
gelatinizes colloflion by warm nitroglycerol. The details of 
nitrocellulose manufacture have also been reported upon by H. 
Schlatter,* and of mixed acids by A. Hough, W. Savage and 
1). \'an Marie.* The rapid determination of nitrocellulose has 
engaged the attention of H. Mallinson,"’ and the brisance of nitro¬ 
cellulose explosives has been recently investigated by H.Kast." 

H. Knecht and B. Bostock'* have shown that when guncotton 
is heated with water in a sealed tulie at 190°, it undergoes hydrol¬ 
ysis, the guncotton disappearing and a pale, straw-colored 

I. Genie civil Ullli, 39, .'132; abst Zts Schiess Spreng 1920, 15, 93, 
C A. 1920, 14, 270H. In this connection see also G ICsselen. The,Chemistry 
of Cellulo.se from the Colloidal Standpoint, Chcni Met. Eng 1920, 23, 801 
W. Gibson and R. McCall, Viscosity of solutions of nitrocellulose in ether- 
alcohol, J. S. C I 1920, 39, 172-T, abst J C S 1920, lU, i, CM. Chem 
Tech, fibers. 1920, 44, 230; C. A. 1920, 14, 2980 O. Silberrad, (U S. I’. 
1349983, f920 abst. J. S. C. I 1920, 39, 070. A) produces a flameless powder 
containing 30.7'X nitrocellulose, 4 t' (. nitroglycerol, 21 4'{, starch and 3.9'J 
vaseline. 

2. U. S. P. 13,57870. 1920 

3. U. S. P. 13.')4401, 1920. 

4. E. P. 144904, 1919. See also Explosives Trades, Ltd. E P Appl 
24313, 1920; abst. J. S. C. I. 1920, 39, 018-A 

.5. Chem. Age {N. Y.) 1920, 29, 211, abst. C, A. 1920, 14,^710 

0. U. vS. P. 1354040, 1920. 

7. D. R. P. 298420, 1910, abst. J. S. C. I. 1930, 39, 070-A. 

8 . Chem. Met. Eng. 1920, 23, 591, 704 

9. Chem. Met. Eng. 1920, 23, 000. 

10. J. Ind. Eng. Chem. 1910, 9 , *401 ; abst. C. A. 1910, 19 , 2.)24. Chem 
Zentr. 1920, 91, IV, 235. 

11. Zts. Schiess. Spreng 1920, IS, 181. 

12. J. S. C, I. 1920, 39, 103-T, abst. J C .S 1920, U9, i, .535. 
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liquid being left. The rate of hydrolysis depends on the relative 
proportions of guncotton and water used. If. tHe temperature 
is lowered by more than about 2°, the hydrolysis is extremely 
slow, and iWt is raised I0°-1.")°, a considerable amount of charring 
takes place-. The amount of gas disengaged by heating O.o gm. 
guncotton'with 2.') cc. water for one half hour at»190° is 9!) cc. The 
gas consists of CO, CO 2 and nitrous oxide and nitrogen. Some 
IICN and Nils arc found in solution. Of the 13.05% N originally 
present in the cellulose nitrate, 10.24%, is found as nitrous 
oxide and nitrogen, 0.43%, as HCN, 1.20%, as Nlfj, 0.12%. as 
nitrate, and 0.27%, undetermined. 

When guncotton is dissolved in aqueous Na'OH on a water- 
bath. it is found that (i5% of the total nitrate nitrogen is reduced 
to nitrite in order to provide the oxygen for the organic oxidation 
products which result from the hydrolysis. The extent of this 
reduction is nothing like so great in the alkaline hydrolysis, as 
in the neutral aqueous hydrolysis. 

R. Farmer! classifies the different froms of decomposition 
of nitric esters as follows (see p. 1700): o. Decomposition of the 
pure esters, h, Accelerated decomposition, c, Hydrolysis fol¬ 
lowed by internal oxidation either by acids (slow but autocata- 
lytically accelerated) or by alk’alis (relatively rapid), d, The hy¬ 
drolytic decomposition passes through the following phases: (i) 
incipient ester hydrolysis; (u) internal oxidation, possibly to an 
alcohol peroxide (although this is speculative); (Hi) formation 
of an aldehyde; (iv) decomposition to HO acids. When the 
conditions arc such that the alcohol is protected from oxidation, 
it is readily regenerated as such on hydrolysis, thus showing 
that the first stage in the decomposition is a true e^tel hydrol¬ 
ysis of the normal type. I'he hydrolysis is shown to resemble 
that of other esters in its general relationships between velocity 
and concentration of H and HO ions, and the bearing of this re¬ 
lationship on the stabilization of nitric esters is shown. 

’ J. G. S 1020, U7, ,S06; abst. C. A. 1020. 14, 2780. 



CHAPTER X. . 

NITRATION OF CELLULOSE. 

The method of presentation of the subject of the Tcciinology 
of Cellulose Esters in this volume up to this point has been to 
detail some facts first in respect to the raw materials cellulose 
(pp. 1-388), starch (pp. .3S(M84), and especially cotton (pp. 
tSS-rjSS), which, because that is the form of cellulose usually 
nitrated, the varfous operations to which it is subjected in prepara¬ 
tion for esterification are described and illustrated (pp. .584-()().5). 
Thus Part I closes with the cellulose just ready for nitration. 
Part II takes up the acids of nitration, nitric (pp. (i(i.5-l()0.5) 
and sulfuric (1000-1402), and mixed acids (1403-ir)lS), and 
the calculation tables required in connection tliercwith (IfdO- 
1500). Part III opened with a statement of the historical devel¬ 
opment of the cellulose nitrates (1567-1081), their physical 
properties (1682-1802) and combinations (1803-1932), and 
having discussed the raw materials entering into the cellulose 
nitrates and their properties, this Chapter is concerned with the 
practical metliods which have been proposed from time to time 
for the laboratory production and commercial manufacture of the 
various kinds or grades of nitrocellulose, together with their 
technical details. 

Part I ended with cellulose ready for nitration; Part II 
closed with mixed acids suitable for esterification; this Chapter 
takes the bellulose and the mixed acids from this point and unites 
them according to the various processes of nitration which have 
been proposed. 

Synopsis of .This Chapter. Cellulose is nitrated commer¬ 
cially either by hand (pages 19.34-1940) as in the methods of 
Abel (1940-1942) or by direct dipping (1943-1951) or tentrifu- 
gally (1952-1977) or by displacement (1978-1993). The du 
Pont mechanical system (1994-2002) and other esterification 
methods have been employed *(2003-2032). In the nitration 
of paper (2033-2050) and lignin (2050-20.54) special methods 
are used. After the preliminary washing of the nitrated^c^llu- 
, 1933 . • 
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lose (2059-G067) and the possible utilization of tke wash water 
(2067-20(59), the nitrocellulose may be bleached (2069-2071), 
given a preliminary acid boil (2071-2083), after which it is beaten 
to a puIprJ'2083-2098). Further stabilization and blending is 
then accomplished by poaching (2098-2102), ^blending (2107- 
2112) removing foreign impurities mechanically (2102-2107) 
screening (21*12-2114), after which the water still present is 
removed by means of wringing (2114-2127) or by hydraulic pres¬ 
sure (2127-2139) usually with the aid of alcohol (2139-2140). 
The finished nitrated cellulo.se is then dried (214.7-21.59) and the 
yield obtained is determined (21.59-2100). 

The guncotton may be compressed (2100-21.8.8), granulated 
(2240-2249) or colloided (2249-2254) for specific uses. As typical 
of nitration practice in Great Britain the methods employed at 
Gretna (21.88-2240) arc illustrative. The co-nitration of cellulose 
with other bodies (2254-2250) and the classes of nitrocellulose 
produced in the United States (22,50-2258), together with the 
official specifications for nitrocotton as laid down by the United 
States (22.5.8 -2205) and Great Britain (2205 -2271) complete this 
chapter, and the various steps in connection with the transforma¬ 
tion of cotton into the finished nitrated ester, as detailed herein. 

Nitration of Cellulose by Han^. These processes, variously 
termed the “hand,” and “pot” methods, are the outgrowth of 
the process with its refinements first inaugurated by v. Lenk, 
partially, perfected by F. Abel, and improved by various refine¬ 
ments as will appear from the steps in advancements mentioned 
herein. 

It will be remembered that tire improvements as made by 
V. Lenk and heretofore briefly touched upon in the historical 
development of the nitrocelluloses (see p. 1593) are as follows: 

“Ist. The cleansing and perfect desiccation of the cotton, 
as a preliminary to its immersion in the acids. .> 

“2nd. The employment of the strongest acids attainable in 
commerce. 

‘'3rd. The steeping of the cotton in a fresh, strong mixture of 
acids, after its first immersion and partial conversion into gun¬ 
cotton. 

‘‘4th. The continuance of the steeping for forty-eight hours. 

J“5th. The thorough purification of the guncotton so produced, 
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from every trace of free acid. Tliis is secured by its being washed 
in a stream of* water for several weeks. Subsequentfy a weak 
solution of potash may be used, but this is not essential. 

"The prolonged continuance of tlicsc processes appears at first 
sight superfluous, but it is really essential; for each cotton-fibre 
is a long narrow tube, often tw'istcd and even doubled up*, and the 
acid has first to penetrate into the very furtlicst dcptlis of these 
tubes, and has afterwards to be soaked out of them. Hence the 
necessity of time. It seems to have liccn mainly from want of 
these precautions, that the guncotton experimented on by the 
French Commission, gave irregular and unsatisfactory results." 

In several of*the large pyroxylin factories in England and on 
the Continent, and in at least tw(j mamifacturies in the United 
States, nitration by hand is made of a special grade of cotton 
which produces a very superior pyroxylin adapted for lacquers 
and bronzing liquids. Whether due to intentional misrepresenta¬ 
tion to cover ‘‘.secret processes” or a deficiency of intimate knowl¬ 
edge of the several steps involved, a large number, if not the 
majority of the recipes and methods to be found in text-books 
and the technical literature for preparing a nitrocotton best suited 
to this class of work are either directly misleading in some essential 
step, or else the methods of manipulation descril)ed arc vague 
and lacking in detail. Aside from the interest attached to the 
method about to be described from the fact that the ester so pro¬ 
duced has for many years answered the requirements of an exact¬ 
ing trade as to clearness, elasticity and strength, the detail?! repre- 
.sent the successive steps in a commercial process in which there 
have been no recent essential changes, and in which, therefore, 
the nitroedtton produced has stood the test of time as regards 
commercial acceptability.' 

That grade of medium-fiber Southern cotton known as 

1. Of the many, methods for the preparation of pyroxylin to be found 
in the literature, the very great differences from each other Ijoth in com¬ 
position of acid and method of procedure, make it quite_ a hopele^ task to 
one of but little experience to select a method which will produce a given 
result. The lack of explicit information as to the condition of the cotton, 
temperature of nitration, duration of the operation, now to overcome the 
exigencies that are apt to arise during the progress of the process, yields, 
nitrogen content and solubility in a givfn solvent, render a great number of 
published methods incomplete or of little value. Perhaps in no other SCTies 
of industries are the factory details more carefully guarded than in the indus¬ 
trial preparation of cellulose nitrate compounds. 

Memphis Star,is an upland cotton, and its fibers arc very soft, mi^t, 
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Memphis Star is used in the unbleached state, the cotton being 
twice scoured. The first treatment consists in. steaming in a 3% 
(calculated on the weight of cotton) solution of sodium carbonate 
crystals (washing soda)^ for six hours in zinc-lined wooden vats, 
with tightly fitting zinc-lined covers. At the end of this period 
the cotton is washed with water until the alkali has been prac¬ 
tically remqycd, when the operation is repeated. This time the 
steam is kept on for ten hours, and the amount of sodium carbonate 
reduced to 2%. The final washing is continued until the cotton 
is neutral, the wash water being clarified by pa.ssing through large 
sponge or sand filters. Scoured in this manner, dried cotton 
seldom gives more than 0.28% ether extract. Although in ap¬ 
pearance cotton prepared in this manner is not as white as when 
bleached, the treatment results in but little change of the cellulose 
molecule. 

The nitration is conducted in 5 gal. stoneware pots with 
tightly fitting lids in the top of which has been bored a ’/u inch 
hole for the escape of any fumes, and which also serves to warn 
the workmen of the commencement of burning or “fuming” of 
a “batch." The cotton is dried at 10,")° until no further lo.ss in 
weight occurs, a 2V2 Av. lb. charge placed in air-tight containers 
similar to milk cans with rubber gaskets, and kept in a room at 
Sh'—tO® until ready for use. Tlie charge of 2.1 U. S. gal. of 
nitrating mixture at a temperature of .5(>° is run into each pot, 
.the latter having previously been placed in a water bath consisting 
of a wooden vat with perforated bottom and heated by steam. 
The acid mixture consists of S.j.l%,-8,'>.2% total acids, of which 
r)()% is sulfuric acid, leaving ^29.1%-29.2% nitric acid and 
14.8%-14.9% water. The cotton in small portions'is'immersed 
in the acid by means of aluminium forks, the handles of which 
are rubber covered to better prevent slipping. The heat of 
and elastic, a light, creamy-white color. This color is partially lost during 
scouring and nitration. The staple is short and the twist infetior to other 
grades, the straight, ribbonlike filaments being quite numerous. The cotton 
is carded but not bleached or scoured. It contains considerable half and 
three-quarters rijie fiber, which is extremely thin and transparent, distributed 
throughout the bulk of the pattern. 

1 . It has been repeatedly asserted that factory experience apparently 
shows that crystallized sodium carWmate {NaiCOj, 10H,O) exerts a less 
drastic action on the cotton filament than the anhydrous form (soda ash) of 
sodium carbonate. The author has wondered if the small amounts of hydrox¬ 
ide sometimes found in commercial soda ash could account for the above 
beli^. 
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reaction from the immersion of the cotton causes the contents • 
of the nitrating pots to rise about 8°-9° above the entering tem¬ 
perature of 56°. After thoroughly stirring the cotton into the 
acid, the false bottom of the water bath js raised until the pots 
are entirely out of the water, where they remain until tig- tempera¬ 
ture has subsided to 56° again, which usually requires, about an 
hour. During this first hour the cotton is stirred only enough to 
guard against local overheating.' At the end of six hours’ im¬ 
mersion the nitration is considered ccmpletc. The contents of 
the crocks are dumped into a centrifugal, the acid extracted and 
the cotton “drowned” by plunging into a large volume of cold 
water in the usual manner. Neutralization is effected by boi'jng 
alone, and without the addition of alkali.^ The nitrocotton is 
pulped, and dried on cloth screens, by means of a current of filtered 
dry air which enters so as to pass through the nitrocotton from 
the bottom upward. The ceiling and walls of the dry-house are 
plastered, the cement floor being covered with linoleum or rubber." 

1 . AVhenever red fumes are observed during the nitration iirocess, the 
mas.s in the pots must be carefully but very thoroughly stirred. During 
the entire process the cotton must be stirred no more than absolutely neces¬ 
sary, tor stirring disintegrates the fiber and causes loss in washing. One of 
the main points in favor of the Thomson displacement process is the fact 
that the cotton is not broken during nitration, and hence larger yields arc 
obtained. If it is desired to make the cotton more fluid, the initial nitration 
temperature may be raised to .‘W® or 59”, and if this does not have the desired 
effect, instead of allowing the pots to cool to 50 ” in the air as in the original 
process, they may be placed in the water bath at once. It is the first tem¬ 
perature that governs mo.st strongly the production of a fluid nitrocotton. 
From the action df the first batch in the nitration mixture subsequent batches 
can be modified. Three men nitrate 65 pots in one working day of if n hours. 
In nitrating, if it Ls found that the physical condition of the pyroxylin will 
stand it, the temperature of the water bath is raised from 55° up to ns high 
as 65°, this rise tending to increase the fluidity and clearness of the pyroxylin 
when dissolved, but at the same time slightly decreasing the yield. Not¬ 
withstanding theory to the contrary, it is the observation of the nitrating 
workmen that on damp, heavy, foggy days, the nitric acid in (he nitrating 
fluid decomposes more readily; the nitrocotton tenders more easite in the pots 
and requires more careful attention to preserve the yield. The value of 
sulfuric acid is not, as has often been assumed due merely to its power of 
combining with wator formed during the reaction, but also perhaps to the 
formation of sulfuric acid esters, subsequently converted into nitric esters. 
The longer then, within reasonable limits, the cotton is left in contect with 
the adds, the more complete probably will be the conversion into nitric acid 
esters. The sulfuric esters according to this view, •therefore, are merely 
transition bodies. 

2. In ccHToboration of the experience of others, it has been found 
that when alkali is omitted, the pyroxylin requires fewer washings for neu¬ 
trality, and gives longer stability tests. 

3. To prevent vermin from entering the building, and the impalpable 
pyroxylin dust cdlecting in cracks. 
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The workmen wear sewed rawhide sandals. The temperature 
is automatically regulated between 3(K35°. Usually three days 
are required for drying, the moisture lieing* about 22% as the 
nitrocotton leaves the hydroextractor. The nitrogen per cent, 
is withift the limits \2.()!y- l2.7!'>, usually nearer 12.65%.* The 
nitrocotton is above 98% soluble in ether-alcohol, above 96% 
soluble in a mixture of amyl acetate 60 (by volume) and benzine 
62° B^., lb, this latter solvent mixture being of much more im¬ 
portance in the lacquer industry than ether-alcohol, the latter 
solvent being seldom used. The viscosity* is governed in the 
nitrating pots largely by the following observations: 

(1) If the first pot nitrated tenders too ifiuch, as indicated 
by the “feel" with the stirring rod, the viscosity will be too low, 
and subsequent batches are to be put in at a slightly lower tem¬ 
perature, perhaps 53°-54°. 

(2) If the cotton falls to the bottom of the nitrating fluid, 
feels harsh, and but little chemical action is evident, the acid Is 
probably deficient in nitric acid, and a higher temperature of 
immersion must Ije taken, or the nitrocotton will have a high 
viscosity and in the majority of cases a high insoluble residue in 
amyl acetate-benzine. 

(8) If the cotton in theliitrating acid floats to the top (heaves) 
buoyed up by the nitric oxide fumes evolved, this indicates a 
slight excess of nitric acid. Such a batch must be watched 
closely and .stirred at frequent intervals to prevent fuming. 

(I*) If the cotton in the nitrating bath feels soft (“mushy”) 
the sulfuric acid is evidently in excess, and if the heat of reaction 

1. At this particular works a large .lumber of experiments have been 
undertaken to determine the reason Vhy a pyro.xylin solution once filtered 
will, or will not, deposit from l%-6% solid matter (lower cellulose nitrates) 
upon standing in solution in daylight. Careful comparisons of nitration 
formula, viscosity, original solubility and percentages of nitrogen have not 
resulted m conclusive results. It is not a matter of room temperature and 
is a subject of considerable moment to manufacturers of lacquers, photo¬ 
graphic films and artificial silks. Pyroxylin intended for artificial leather 
and th^ less expensive bronzing fluids is never dried, but hydroextracted 
either in centrifugals or hydraulic presses, and the remainder of the moisture 
removed by displacejnent with a pyroxylin non-solvent as denatured ethyl 
alcohol or the lower fractions of fusel oil 

2. A desired viscosity is obtained by blending pyroxylins of a viscosity 
higher and lower than that required. The ’'viscosity factor" is an arbitrary 
number used, and obtained by taking the grams of pyroxylin per hundred 
cc. in a given solvent combination and multiplying by the time required to 
pass through the oriflee of the viscosimeter. 
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does not give the normal rise,' the yield will lx; poor, and probably 
contain much insoluble matter. » 

While the length of time is stated as six hours’ immersion, 
climatic conditions and the humidity of tl>e atmosphere apparently 
make a difference iii the nitration time, and irrespeetive of the 
length of immersion the batches are considered fmkhed when 
they have a certain softness or “feel" to the workmen when the 
batch is stirred with a fork, barge yields are not sought, but 
rather fluidity and solubility of the nitrocotton is the first con¬ 
sideration. .Something in the way of yield must l)e saerificed 
in order to obtain high fluidity, because the higher temperatures 
required to obtain a desired viscosity always cause an appreciable 
loss of nitrated cotton, not only from passing into solution in the 
reacting mixture, but also in the subsequent washings, especially 
after having been pulped. 

The dried product is tested for its suitability for certain classes 
of lacquers and bronzing fluids, by dissolving 1 gm. in tiO cc. 
amyl acetate and 40 cc. benzine." The following observations 
of the solution so formed have been found generally true for the 
specific nitrating formula given above." 

If the solution in amyl acetate-benzine is: 

1 It requires ordinarily about fifteen minutes to attain the maximum 
rise, and an additional thirty minutes for the temperature to return to that 
of the nitrating acid before cotton immersion. 

2. The pyroxylin is first moistened with 30 cc. amyl acetate and after 
having l»en stirred until homogeneous, is diluted with the balance of the 
solvent, previously mixed. In this manner much more rapid solution is 
effected than by the addition of 1(X) cc. of the above mixture af one time; 
Itenzine, it will be remembered, is a non-solvent of any form of cellulose nitrate, 
lieing used only because it is the cheapest commercial anhydrous fluid. 
Cellulose nitrates may be more soluble in amyl acetate than in the above 
mixed solvent, but the latter is used because it approximates the formulas 
used in manufacture. A pyroxylin which entirely dissolves in both amyl 
acetate and amyl acetate-benzine 60 to 40, will have an appreciably higher 
viscosity in the latter solvent mixture. 

3. These generalizations are mean results obtained from testing each 
day's product for solubility during many months, and in connection with 
the daily reports from the nitrating house as to the deportment of th: cotton 
in the nitrating acid. Where the nitric oxides are in excess in tlje nitrating 
mixture, a higher rise in temperature than usual occurs when the cotton is 
first immersed; incipient decomposition of the nitrk acid is more liable to 
occur (i. e., the spent acid is unusually weak); the temperature falls more 
quickly after the maximum has been reached; the time of immersion is de¬ 
creased; and more attention by the riorkmen is required to prevent fuming 
and to preserve the normal yield. 

It seems to be a fact that the whitest and clearest .litrocotton is obtain¬ 
able by pot nitration in earthenware pans, and that centrifugal nitration 
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(1) Thin and turbid, the temperature of the nitrating acids 

was too low, that is, there was too much water (present during 
nitration. ^ < 

(2) Heavy and tusbid, the temperature of the nitrating acids 
was too Ipw at the time of immersion, or the cotton was not 
thoroughly stirred therein, probably the former. 

(.'}) Thin and clear, yield about 140%-!^% (calculated 
on the weight of the cotton as dried at 105°); all nitrating factors 
right. 

(4) Heavy and clear. Nitric acid high, sulfuric acid low; 
temperature low, nitration process fully six hours, cotton floated 
to top of batch during nitration period and ‘required careful 
attention. 

It is evident that a certain amount of skill and cleverness 
embraced in the word “experience” is necessary for the success 
of any technical process, and especially in a process of nitration 
which introduces several variables. But it is not too much to 
state that careful attention to the details as above enumerated 
in the hands of a person of moderate experience will enable that 
person to continually produce a nitrocotton especially adapted 
to the preparation of modem pyroxylin lacquers. 

Abel Method of Nitration. The method of cotton nitration 
as described before the British Asseciation in 1863 by F. Abel as an 
improvement upon the Lenk system, is a two stage nitration, 
and was the one universally employed in principle until compara¬ 
tively recent times, and even to-day, like the hand nitration proc¬ 
ess previously described, isused in tlie production of pyroxylin 

does not give as satisfactory pyroxylins in this respect. Undoubtedly the 
absence of iron, and the fact that in the pot method the nitration is rader 
greater control, and hence ca.i be more quieWy modified to meet existing 
emergencies that occur in the nitrating bath, as variations in temperature, 
but especially the "feel'' of the cotton during the nitration process. For 
the manufacture of so-called "collodion cotton," and in general the lower 
nitrogen content nitrocottons, weaker total acid mixtures are employed thM 
for guncotton manufacture. Equal parts of 76% monohydrate ni^ acid 
and 96% monohydrate sulfuric acid, at 1 to I'/i hours at 40“-50° is alor- 
mula used for some years by a large manufacturer in the United States. The 
above formula is varied somewhat depending on the weather conditions, as 
is well known to those engaged in nitration. In any case, the degree of nitra¬ 
tion is shown to be a function of the water content of the acid mixture and 
the temperature of the same. WheiLas concentrated sulfuric acid changes 
cellulose to sugar on warming, and concentrated nitric acid changes cellu¬ 
lose to oxalic acid, both acids mixed produce neither oxalic acid or sugars 

in notable amount^ but esteriScation results. 

* 
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for special purposes, especially for lacquers and collodions. 

In the first portion of the process, the cotton is dipped in a 
large bulk of nitrating acid for a few minutes and is then squeezed 
from excess of acid and placed in a small pot where it is left for 
several hours for the second part of the nitrating operation. It 
should be borne in mind that the composition of the acid mixture 
in the dipping pans is not the same as that added after dipping, 
the former being of much higher nitric acid content. 

The detailed description of the Abel process, as formerly 
carried out in England at Waltham Abbey, is given by F. Nathan' 
as follows: 

"The nitrating acid was composed of three parts of sulfuric 
acid of 96% mono-hydrate to one part of nitric acid of 91%) 
mono-hydrate, thoroughly mixed and cooled. This acid was 
run from the store tanks into cast iron dipping pans, holding 
about 220 lbs. each, the pans being supported in an iron tank 
through which cold water circulated, to keep the temperature 
below 70° K. The dipping pans were provided at the back with 
gratings, on which to press out some of the acid from the charge. 
The charge of cotton waste weighed I lb. 4 oz., and on removal 
from the cooling box was passed from the back through an earthen¬ 
ware pipe in the partition running along the back of the pans, 
and raked by a dipper, as rapidly as possible, into the acid. After 
remaining in the acid bath for about eight minutes, the cotton 
was removed to the grating and a portion of the acid squeezed 
out by means of an iron lever having an iron plate attached to 
one end. After a charge had been removed from the dipping 
pan about 13’A lbs. of the mixed acid was run into it to replace 
the amoilnt removed with the charge. The charge, now weighing 
with the adhering acid about 15 lb., was placed in an earthenware 
pot provided with a cover and transferred to the cooling pits, 
through which at stream of cold water flowed, and where it re¬ 
mained for 12 hours. During this period of digestion the con¬ 
version of the cotton into guncotton was completed. 

“The contents of the pots were now emptied into a centrifugal 

1 . J. S. C. 1.1909, 28, 177, 181; abst. C. A. 1909, 3, 1342; Chem. News. 
1909, *9, 83; Bull. Soc. Chim. I910,*l, 60; Mon. Sd. 1910, 72, 111; Rep. 
Chim. 1909, », 376; Chem. Zentr. 1909, II, I, 1678; Chem. Ztg. 1909, », 
208; Chem. Zig. Rep. 1909, IS, 146; Jahr. Chem. 1909, 12, II, 388; Meyer 
Jahr. Chem. 1909, U, 333; Wag. Jahr. 1909, H, I, 431; Zts. ang. Chem. 
1909,22, 1614; Zt«. Schieis. Snrene. 1900. 4. 2 aR 8*7 
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wringing machine, and the bulk of the waste acid extracted. The 
guncotton was then removed from the centrifugal machine and 
placed in galvanized iron pans with long handles. These pans, 
when filled, were carrie'd quickly across to the immersing tank 
and the giftcotton thrown into a large bulk of water, the work¬ 
men stancfnfg by the tank and pushing the guncotton at once 
under the water with a stout wooden paddle. ‘The immersing 
had to be done as quickly as possible, as, if the guncotton were 
allowed to come gradually in contact with water, it was liable to 
fume off. The immersing tank was fitted with a perforated copper 
plate, to allow the water to overflow, so that fresh water was 
constantly passing through the tank. The guncotton was kept 
well stirred by means of a wooden paddle. Wlicn 2 cwt. had been 
immersed, the inflow of water was stopped and the tank drained 
down. When all the water had been run off the tank was filled 
up again with fresh water. This was repeated six times or until 
the guncotton no longer tasted acid. When this .stage had been 
reached the guncotton was wnmg in a centrifugal machine, water 
from a hosepipe being turned on the guncotton for one minute 
during the wringing", and it was then ready for boiling. 

"This process, although it undoubtedly produced a good 
guncotton, had certain disadvantages, and the amount of labor 
required was very great. The plhnt, although individual items 
were not expensive, very rapidly deteriorated, and the cost of 
renewals and replacements was heavy. Power was required to 
drive th‘e centrifugal machines, large quantities of water were 
used both for crxding and immersing, and decompositions, both 
in the pans, pots, and acid centrifugals, were by no means an 
infrequent occurrence.” * 

The method of pot nitration as carried out in England is 
shown in Figs. 146 to 149, and in France, in Fig. 14.5. 

The "tank” method of nitration is a development of the 
"pot” method, the weight of cellulose used in one operation, jnd 
the ratio* of acids to cellulose being increased. The ratio of acids 
to cellulose varies from 1:25 to 1:50, depending upon the prop¬ 
erties of the resulting pyroxylin desired. The cellulose is allowed to 
remain in the acid mixture for variable periods, depending upon 
the viscosity and solubility required of the finished cellulose ester. 

.The nitrocellulose may be raked out from the acids and 
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placed in a centrifugal, or the contents of an entire tank may be 
emptied into a wringer and the acids extracted. The recovered 
acids are fortified by the addition of fresh acids, and re-used several 
times. • 

Direct Dipping Method of Cellulose Nitratioa. It will 
be recalled that in v. Lenk’s system of guncotton manufacture 
the operation of nitration was carried out in two stages. The 
first stage was the dipping of the cotton in mixed acid contained 
in nitrating pots or pans, while in the second, the nitration was 



Fig. 145.—Pot Nitration or Cei.i-ui.os8 in France 

completed by allowing the partially or incompletely nitrated 
cotton to remain in contact with a weaker acid in earthenware 
pots for a prolonged time, sometimes as long as two days. The 
loss of nitrated cotton by occasional decompositions in the digest¬ 
ing pots, and the labor entailed in handling them undoubtedly 
were disadvantages, and led some manufacturers to revert to the 
even older method of esterifying in one stage. In this system, 
which has been called the “dirAt dipping” method, the size of 
the individual nitrating pans was reduced to enable them to be 
lifted on to trucks by hand, wheeled to the acid centrifugak and 
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.their contents emptied into them, thus economizing time. 

This direct dipping process was probably the first attempt 
which was attended by any considerable degree* of commercial 
success to overcome s*me of the inherent disadvantages of the 
Abel process. This method as used on a large scale at Nobel’s 
factory at A^deer, Scotland, is given by F. Nathan' as follows: 

"The installation consists of parallel double rows of long 
iron tanks known as "coolers.” Iron pots termed “dippers” in 
which nitration is carried out stand in the coolers, 62 to each 
cooler. Sliding wooden covers rest on the coolers to guide the 
fumes from the dippers into earthenware pipes with openings at 
intervals, through which they are drawn by exhaust fans. The 
mixed acid, either cooled or warmed as necessary, is carried by 
lead pipes placed between each row of coolers, and is supplied to 
the dippers through earthenware cocks at intervals. 

‘'Nitration. The water in the coolers is kept at 15°. The 
dippers, having been placed in position in the coolers, are each 
filled with 127 lbs. of mixed acid by measurement, from the acid 
taps. 4'/j lb. of cotton waste are steeped in caeh dipper. To 
minimize decompositions each charge of rotton waste is added 
in about ten installments. The wooden covers are only removed 
to allow steeping to be done, and are then at once replaced. The 
temperatures of nitration are: Initial temperature of mixed acid, 
15°; maximum after steeping, 25°; temperature at end of nitra¬ 
tion, 20°. The duration of the nitration varies according to the 
output required from the plant. One, two, or three shifts may 
be worked per twenty-fom hours, and the time of nitration may, 
therefore, be twenty-four, twelve, or eight hours respectively. 

"The average composition of the mixed acid for a twelve 
hours’ immersion is as follows: Sulfuric'acid, 75.0%; nitric acid, 
15.75%; nitrous acid, 1.30%; water, 7.95%. For an eight hours’ 
immersion a higher percentage of nitric acid ^nd less water is 
used; for a twenty-four hours’ immersion -less nitric and njore 
water. The average composition of the waste acid for a twelve 

1. J. S. C. I. 1900, 28, 177,181; abst. C. A. 1909, 3,1342; Chem. News, 
1909,99,83; Bull. Soc. Chim. 1910, 8,60; Mon. Sci. 1910, K, 111; Rep. Chira. 
1909, 9, 378; Chem. Zentr, 1909, 80, 1,1678; Chem. Ztg. 1909, S3, 208; Chem. 
Ztg. Rep. 1909, 33, 146; Jahr. Chem. 1909, 82, II, 388; Meyer Jahr. Chem. 
1909, 19, 333; Wag. Jahr. 1909, SS, I, 431; Zts. aiig. Chem. 1909, 22, 1614; 
Zts. Schiess. Spreng. 1909,4, 285, 327. 
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hours’ immersion is: Sulfuric acid, 77.8%; nitric acid, 11.0%; 
nitrous add, 1.5%; water, 9.7%. ^ 

"Recovering the Waste Acid. When the nitrati 9 n is complete, 
the "dippers," eovered^ with light aluminium lids, are placed 
on barrows, wheeled to the centrifugals, situated at the end of 
the "coolers," and the whole contents tilted out into the centrifugal. 
Four dippers are loaded into each centrifugal, and the guncotton 
having been uniformly Spread round the baskett the centrifugal 
is run for six minutes, to remove waste acid. At the end of that 
time about 1 lb. of waste acid is still adhering to each pound of 
guncotton. ITie centrifugal cover, made of light aluminium, 
is not fixed to the centrifugal in any way, so that ay little resistance 
as possible may be offered when there is a decomposition. This 
is the usual arrangement in the case of acid centrifugals. The 
cone of the centrifugal projects through a circular opening in the 
center of the lid and is covered by a small loose aluminium box. 
Small holes are cut in the sides of this box, and are of service in 
warning the workmen when there is a decomposition, as fumes 
are generally seen to issue there first. 

"Drowning the Guncotton. When the waste acid has been 
removed the guncotton is quickly lifted out of the centrifugals 
and thrown under the revolving paddles of the drowning tanks, 
which immediately immerse it. The men who do the discharging 
are provided with rubber gloves and wear thick flannel hoods, 
which completely cover the head, arms,‘and breast. The hoods 
are fitted with strong glass windows, and are connected by light 
rubber tubing to a supply of pure compressed air. 

“Prewashing. After a given quantity of guncotton has been 
drowned, the water in the tanks is run off and the guncotton 
thrown onto draining tables forming pai^ of the drowning tanlj. 
It is then loaded into the prewashing centrifugals, the acid water 
wrung out, and washed for a few minutes with cold water from 
a hose, to remove adhering acid. No special jirecautions, how¬ 
ever, are taken to remove all acid at this stage. The bulk of (Sie 
water ha^ng been removed, the guncotton is loaded from the 
centrifugals into bogles, and conveyed to the boiling house. 

"The 62 dippers in each cooler form a "charge." Bight charges 
are worked by each shift. The yield is 159% of dry guncotton 
on the dry carded cotton. The output per shift consisting nf 
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Kventecn men is, therefore: 4.5 X 159 X 02 X S 4- 100 = 3549 
lbs.” 

In Germany, the metluxi of direct dipping«nitration carried 
out is, in general, as follows: A separate storage vessel for nitric 
and for sulfuric acids is provided, which are mixed in the desired 
proportions’shortly before use. The individual nitrating pots 
are immersed in a trough of warm water, tHfe nitrating pots 
standing upon a removable structure. Each pot is provided with 
a false sieve bottom, two outlets, a two-piece lid, one piece being 
removable, through the front half of which passes a curved pipe. 
The outlets have a stopcock, and end in a common line leading 
to a trough for the Wa.ste acid. A stage is provided in front of 
the pots, over which is a water pipe line with faucets and hose. 

The airved pipes arc connected with a pipe leading to a 
tower for the absorption of fumes. The nitration process is 
conducted as follows: 

The nitrating mixture warmed to the desired temperature, 
is filled in the pots to a certain mark, a weighed amount of cotton 
in flocks placed in the pots with stirring, care being exercized 
that each addition t)f cotton is thoroughly wetted by acid before 
the next portion of cotton is immersed. When all the pots have 
been thus filled, the material is thoroughly stirred, the outlet 
cock opened and tlie nitrating *id allowed to run out. The 
outlet cock is then closed, and the pots submerged in the warm 
water. After steeping for a stated time, the nitrated cotton is 
drowned ‘by means of cold water from the water line above, the 
vapor evolved in the operation being conducted to the tower, 
where it is condensed by means of water and discarded. The 
cotton is then withdrawn from the pots, and the latter prepared 
for a further nitration. 

In the method of S. Assadas' two of a series of stoneware 
pots arc charged with pure paper cellulose contaired in a "basket” 
of acid-resisting material. A charge of mixed nitric and sulfuric 
acids is then run into one pot and nitration proceeds with exclu¬ 
sion of light and air, at the temperature of the water bath in which 
the pots are immersed. This pot is then raised by a pulley and 
connected by means of a pipe with a funnel in the lid of the other; 

1. E. P.9982, 1908; abst.J.S.C. 1. 1909, 28, 671; C. A. 1910, «, 107; 
F. P. 387537; abst. C. A. 1909, J, 1819; J. S. C. I. 1909, 28, 873; Mon. Sci. 
1909, n, 14, 
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the spent acid being tapped off into the second pot, into which’ 
a charge of Wsh acid is run through a funnel. The ttvo pots are 
then disconnected. The nitrocellulose from the first pot is then 
emptied into cold water, a fresh charge ^f cellulose put in, and 

the nitrating operation repeated, the - -» , , 

pots being reversed. The apparatus i-^ • 

is shown in Fig. 150. 

According to the Patronen- 
fabrik Saxonia,* amorphous nitro- 
products of oxy- and hydrocellu- | o' 

loses are prepared by treating cellu- ^ \ p - -i l. 

lose with a mixture of sulfuric acid L-1— | 

and a small quantity of nitric acid, J 1 L ] 
with cooling, until the mass begins | ^ ^ 

to become pasty, then adding the re- y 

quired quantity of concentrated nitric ^ j' -j 

acid to effect the nitration, and de- r ^ 

acidifying and washing the product , - * yito 

in the usual manner. For example, - -1 

100 gm. of paper-cellulose are intro- m, i < ftiiViVB Bia. 

duced into a mixture of 5(X) gm. Fm-150 .—ThbAssadas Method 
of 85.5% sulfuric acid with 3.5%- or Cbdduiaisb Nitration 
4% of concentrated nitric acid, to which 2%-2.5% of water has 
been added. The cellulose is kneaded with the acid mixture, 
the temperature being kept at 2°-3°, and 100-T20 gm. of nitric 
acid of 48° Bd. are then added. The nitration is complete in 
about 15 minutes. 

In the W. Wunderlich apparatus,* the base of the nitrating 
ves.sel h* a false superposed bottom, the first portion being 
indented or hollowed out. The second portion is similar in 
shapie, but larger and flatter. In the first part, stirrers are so 
mounted that twke in each revolution they plunge beneath the 
nitrating mixture, carrying along any material to be nitrated, 
pushing it over the raised portion into a second trough or de¬ 
pression. The acid is at the same time propelled toward a per- 


1. D. R. P. 198284,1903; abst. J. S. C. I. 1908,27,837; Zts. ang. Chem. 
1908, 21, 1661; Chem. Zentr. 1908,79, \ 1912; Jahr. Chem. 1905-08, II, 973; 
Chem. Ztg. Rep. 1908, 92, 283; Chem. lod. 1908, 31, 352; Wag. Jahr. 1908, 
54,1, 430; Ztt. Schiess. Spreng. 1908,3, 214; Mon. Sci. 1911, 75,93. 

2. D. R. P. 86399, abst. Ber. 1893, 25, 124; Wag. Jahr. 1803, 39, 427 
zts ang. Chem. 1$)3, $, 21; Mon. Sci. 1893, 42, 861. 
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forated drum, against which a solid roller presses. The wringer 
arrangemedt siezes the nitrated material and squeezes out the 
acids, the nitrated cellulose being removed from the perforated 
drum by means of a scraper. The arrangement is so made that 
the acids circulate in a pre-determined direction. 

Weiss" .seeks to remedy over nitration by the addition of 
dilute ammonium hydroxide solution to the* njtratcd cellulose 
alleging that a nitrocotton insoluble in alcohol-ether can be 
reduced in nitrogen content by this treatment until a complete 
solubility results. The nitration methods of F. Hardwich,* and of 
A. Sharp® are of but historical interest. 

The Centrifuge in Cellulose Nitration. The centrifuge to¬ 
day has attained a widespread use in nearly all branches of the 
explosive industries, the chief use, however, being in the nitration 
of cotton. In the esterification of cotton, centrifuges are used in 
nearly all stages of the process from the preliminary nitration to 
the final washings and sometimes to the point of dehydrating 
prior to colloiding. In the preparation of nitroglycerol explosives 
however the use of the centrifuge has not been attended with 
success where attempts were made by A. Nobel,® to remove the 
excess of nitroglycerol by means of centrifugal force in the manu¬ 
facture of Ballistite. This dangerous operation however was 
soon supplanted by the more practical processes of Lundholm 
and Sayers. 

Although the manufacture of nitrated hydrocarbons also 
extensively employs the centrifugal, as for the separation of 
mother liquors in crystallizing operations; and in the removal of 
wash water and alcohol as exemplified in the production of picric 
acid and trinitrotoluol. These uses are outside the topics treated 
herein. The various centrifuge systems and apparatus may be 
classified in the technology of cellulose esters into the following 

- 1. Pharm. Ztg. 1891. 113; abst. Proc. Amer. Pharnt. Assoc. 1891, 
39, 587; Chem. Centr. 1891, S2, 1,081; Wag. Jahr. 1891, 37, 749; Jah*. Pharm, 
1891,93,351. 

2. Brit. J. Phot. 1901. M, 643; abst. J, S. C. I. 1901, 29, 1239. 

3. Maryland J. Pharm. 1858; abst. Proc. Amer. Pharm. Assoc. 1859, 
8 79. 

4. D. R, P. 61471; abst. Jalr. Chem. 1890, 43, 2708; Chem Ztg. 

1890, 14, 670; 1892, 18, 1278; Chem. Tech. Rep. 1890, 29, I, 223; Chem. 
Ind. 1890, 13, 167; Wag Jahr. 1890, 38, 541; Ber. 1892, 23, 628; Mon. Sci. 

1891, 37, 426; 1905, 82, 87; Meyer Jahr. Chem. 1891, 1 333; Tech. Chem. 
Jabi. 1889, 12, 168; 1892, IS, 175, 
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five subdivisions, all but number four being used in nitration. 

1. With TOld or hot water (hydro-extractors). * 

2. With steam or air (steaming or exhausting centrifuges). 

3. With nitrating acids (nitrating wringers). 

4. With mother liquors. _ * 

,5. With alcohol (solvent dehydrating or alcoholizing centrifu¬ 
gals). 

As the result of these diversified uses the manufacturers of 
this class of machinery have for some time and arc at present 
actively engaged in the development of various types especially 
suited to the use to which they are intended to be put. The 
extraordinary demands for strength, stability and durability 
made on centrifuges, especially when they are designed to operate 
at high speed or in intensive use, make the selection of suitable, 
materials and accurate machining imperative. 

The various regulations for the construction and operation 
of centrifuges as formulated by the trade unions of the workers 
engaged in the industries using them, stipulate primarily that 
the machine shall be equipped with such a drive that the opera¬ 
tion, or rotation of the same, can only be performed after the 
covers or safety guards have been closed; also that a reliable 
tachometer with an alarm bell or similar device be installed so as 
to enable the operator to know at all times the .speed of rotation 
of the apparatus and thus prevent accidents. The construction 
of the various safety devices differs widely. In some cases, for 
instance, the removal of the cover is only possible when the 
driving belt has been pushed over on the loose pulley: and con¬ 
versely that the drive can only be put on after the cover has been 
closed. This, of course, does not prevent the opening of the 
centrifuge while it is still spinning from its momentum while the 
centrifuge is ojjerated by direct steam reciprocating or turbine 
drive, or direct coupled electric motor; in such cases the cover 
can be so mounted as to automatically shut off the steam or 
current whenever the latter is lifted. Of the many forms of 
safety devices which have been brought fc4ward, there is one 
which is independent of the fomj of drive, being dependent only 
on the number of revolutions of the centrifuge itself, so that the 
cover can only be opened when the revolutions do not exceed a 
certain number,per minute. One of the devices as brought out 
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by Gebruder Heine, makes use of the air which is circulating in 
the space between the rotating drum and the walls of the machine, 
a pendulum being suspended in this space, so arranged that the 
pressure of the air when the drum is in motion will displace it 
from the v^ical and thus actuate a hook which holds down the 
cover. When the centrifuge stops, the pendulum will swing 
back into the vertical position and permit of opening the cover. 
The latter in .turn is connected with a belt or gear shift, or, in the 
case of steam or electric driven centrifuges with the valve or con¬ 
trolling levers as the case may be. This type of safety device 
can, however, be used to advantage only in the ab^nce of corrosive 
liquids, or, where the amount of liquids thrown off into the space 
between the shell and the basket is too great, as for instance with 
nitrating centrifuges. For such cases a similar device actuated by 
a belt from the main drive has been developed. In this mechan¬ 
ism the centrifuge cover is firmly connected with the spindle and 
two levers which are movable in their bearings. One of the 
levers is connected with a pushing rod while the other lever is 
connected to a similar rod with a locking bar. A bell shaped 
receptacle is mounted so as to rotate on a spindle and this con¬ 
tains a pendulum. As soon as the belt begins to move, the recep¬ 
tacle will commence to rotate, thus displacing the pendulum from 
the vertical and bringing its upper part directly under a rod which 
prevents the latter from moving downward. This in turn pre¬ 
vents the opening of the cover until the centrifuge or belt stops, 
when the pendulum returns to the vertical allowing the rod to 
move downward and thus releasing the cover. If desired, this 
arrangement may be fitted to a steam or an electric driven ma¬ 
chine, by slight modifications. 

There has recently been issued to the firm of C. Haubold, a 
patent for a simple and apparently effective mechanism for^this 
purpose. This device is not in contact with any of tlie liquid 
or solid ingredients of the centrifuge, is not subject to fiction, 
and in no way interferes with the strength and operation of the 
machine. It consists essentially of a double iron lever, mounted 
so as to be horizontally movabl^, in a closed box attached to the 
shell of the centrifuge. A hook protruding from the top of this 
box engages the bolt which holds down the cover. To retain 
the hook in position when the machine is in motipn, a current of 
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air, derived from a small ventilator attached to the drive of the 
centrifuge, is passed through a tube to the box thus preventing 
the disengagement of the hook until the speed has decreased to a 
certain predetermined point. In this way the safe^ device is 
independent of the method of driving, as it is actuated by the 
rotation only. An improved belt shift is provided which necessi¬ 
tates closing the cover before the belt is thrown on. 

Brakes are of paramount importance and should be arranged 
so that they can be used only after the belt or power has first been 
thrown off, automatic brakes being preferable because they 
operate as sooy as the power has been discontinued. Sparks, of 
course, must be prevented on account of the fire hazard involved. 
Over-driven centrifuges to-day have been almost entirely dis¬ 
placed by under-driven machines on account of the danger of 
flying belting, or grease and oil, from coming in contact with the 
nitrated material. In the installation of centrifuges, unusually 
good foundations are required as well as careful machining of the 
bearings and adequate strength of materials to withstand the 
centrifugal force. 

Centrifugal Nitration of Cellulose. This method may be 
regarded as the tank process in which the tank consists of a 
centrifugal. In order to minimize the laborious and tmpleasant 
operations of transporting nitration pots and contents from the 
dipping pans to the cooling pits, and at the close of the nitration 
process, carrying the pots to the acid centrifugals, and the several 
transfers of acid and cotton from one vessel to another, a method 
was first commercially developed in Germany and since has been 
widely ajiplied, whereby the nitration and acid elimination takes 
place in the same vessel, i. e., a centrifuge. 

In 1890 H. de Chardonnet' patented a process for placing the 
nitrated cotton in a centrifugal in order to recover the maximum 
of spent acids, this being the first definite application of the 
centrifuge to the nitration of cellulose. In this method the 
cellulose was nitrated in the ordinary manner, the nitrocotton 
and mixture of acids being then transferred to a centrifugal, by 
which means about three-fourtljs of the acids are recovered and 
may be used after being strengthened by addition of fresh acids. 

R. Kron* made some minor improvements in the centrifugal 


1. E. P. 5^6, 1890; abst. J. S. C. 1.1891, U, 666. 
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machine in the way of providing a perforated baskjet adapted to 
be tipped, in combination with a surrounding cylinder or guard 
which could be raised clear of the basket while the latter was 
being tipped, but apparently neither commercialized their ideas 
beyond obt^ning patent protection. 

Selwig & Lange Nitrating Centrifugals^ It apparently 
remained for J. Selwig and B. Lange, constituting the firm of 
Selwig & Lange, to combine in 1891, the nitrating of the cotton 
and squeezing of the spent acid in one and the same receptacle, 
a centrifuge. Their original apparatus shown in Fig. 151, com¬ 
prizes the basket A, arranged to be rotated by the shaft b from 
the pulley c. It is first filled with cellulose, and then nitrating 
acids are admitted through a pipe to the cylinder B. During 
the nitration the temperature is regulated by liquid passing into 
the jacket h. After the nitration has been completed, the spent 
acids arc withdrawn through the cock C, after which the basket 
is rotated to drive out the remaining acid from the nitrocellulose, 
which is then immediately taken out and immersed in a large 
volume of running water.* 

In 1899, L. Morane* perfected a method in which the cotton 
is nitrated in a slowly revolving drum, the speed of rotation being 
afterwards increased so that the acid is forced through a per¬ 
forated casing, up helical partitions in the drum, where the acid 
flows over the cotton again. By this device the cotton avoids 
contact with the air during the nitration process, and so prevents 
the escape of fumes and the absorption of moisture by the nitrated 
cotton while still saturated with the acids. 

This idea of continuous acid circulation has been extended by 
J. Selwig,’ who constructed an apparatus to carry this idea into 
991, 1029; D. R. P. 65540. 1891; 67142, 1892; abst. Ber. 189,1, 2$, 125, 471; 
Wag. Jahr. 1893, 39, 428; Zts. aiig. Chem. 1893, 6, 232. Swiss P, 4061, 

1891. Ital. P.30264. 1891. 

1. U. S. P. 541.573, 1895; abst. J. S. C. I. 1891, U, 674; 1892, 11, 392, 
6.15. E. P. 10747. 1891; 11929, 1900; abst. J, S. C. I. 1891, 19, 674; 1892, 
11, 392, 63,5. F. P. 213983; abst. Mon. Sci. 1802, 19, 271. D. R. P 64447, 
1891; abst. Mon. Sci. 1893,42,862; Wag. Jahr. 1892,39,371; Zts. ang. Chem. 

1892, S, 622. Swiss P. 3862; Belg. P. 95170. Ital. P. 29852, 1891. Uhlan’s 
W. T. 1896, 3, 17. See Kube, Chem. Ztg. 1892, U, 1616. 

2. E, P. 24,561, 1899; abst, J. S. C. I. 1899, It, 1180il900, 19, 200,375. 

3. U. S. P. 764776, 1904; abst. j. A. C. S. 1905, 27]^ 116; J. S. C. I. 
1904, 23, 799; Chem. Zts. 1904, 3, 738. E. P. 7611, 1904; abst. J. S. C. 1. 
1906, 24, 348. F. P. 327803, 1902; 342502, 1904; abst. J. S. C. 1. 1903, 2% 
950, tes. D. R. P. 168852; abst. Chem. Zts. 1907, ^ 47; Wag. Jahr. 1906, 
S2, 11, 399. Belg. 177833, 1904. 
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e&ect, the details of which are shown in Fig. 152. In carrying 
out the nitAting processes in the usual manner, it was found 



difficult, if not well nigh impo.ssible, to insure uniformity in the 
distribution and progress of the esterification throughout the 
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entire mass of fibrous material treated, not only an unevenly* 
nitrated product resulting in resjH-ct to the nitrogrti content, 
but local preheating occurring in various portions due to incom¬ 
plete agitation, gave different viscosity a!id solubility results in 
the finished cellulose ester. Moreover, the cellulose iiitder treat¬ 
ment, as the result primarily of this local preheating, frc(|ucntly 
suffered decomposition attended by spontaneous combustion. 

To obviate these irregularities, diminish decomposition 
(fuming off) due to increased generation of heat in different 
localities in the batch under nitration, continuous circulation of 
acid was proposed, and has been found a valuable step in advance 
in cellulose nitriftion, having resulted in the nearly total avoid¬ 
ance of those conditions which result in self-ignition. 

The centrifugal is employed in the following manner, as 
indicated in Fig. 152, and shown in Figs. 155 and 154. The basket 



Fig. 1.53.—.Sei.w.0 & Langs Nitrating Csntkifugas, with “Acid Circula¬ 
tion” (side view) 

• 

d is first filled by means of the pipe / with acid, the latter pene¬ 
trating to the casing a, which is jffovided with an inclined bottom 
b through the perforated wall of the basket, which latter is then 
charged with the cellulose. When the nitration has reached the 
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‘desired stage, the add is withdrawn from the casing, and the 
basket rotated by means of the belt e to free th e nitrated fibers 
from adhering acid. The casing a and basket d are provided with 
means for constantly letuming the acid from the casing into 
the basket; the latter being rotated at 25-35 r. p. m. This slow¬ 
ness of rotation is necessary for finally removing the acid, other¬ 
wise the fibers would be too tightly packed agrfinst the periphery 
of the basket and retard the exit of tlie nitrating acid, as well as 
preventing tfie acid from penetrating uniformly the cellulose mass. 
Where the speed of rotation is too high, there is a tendency for 
the acid to mount the inner face of the cotton, and ultimately to 



F:g. 154.—Selwig & Lange Nitrating Centrifugal, with "Acid Circu¬ 
lation” (top view) 

escape over the upper edge of the basket, the fibers being in- 
suflSciently permeated. 

In adapting this centrifugal to cotton nitration, two courses 
may be followed. One consists in combining, with the casing 
and the basket, an acid pump, or a compressed air ejector i, for 
sucking the acid which has penetrated the fibious matter, from 
the lower portion of the casing and pouring it again by way of 
the pipe''/!: into the basket from above near the axis; the basket 
being either stationary or revolving at a low speed. The other 
method consists in causing the b^^ket to rotate at 25-35 r. p. m., 
and simultaneously to catch the acid at the outside of the basket 
by means of an open channel arranged outside the basket over 
its upper rim and inclined towards the casing yrall, or else by 
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means of a bell-mouthed pipe, the latter being arranged so as to' 
feed the acid back into the central portion of the basket. 

It is thus seen that in the machine, tl^ cone is perforated and 
extended in a ring-like protuberance at the bottom. ,Vcry close 
to the real bottom of the housing a false bottom ij installed, 
which reaches almost to the outer edge and within a very short 
distance of the ring-like projection on the inner cone. By this 
means the interior of the cone is brought into communication 
with the space in the false bottom. When the centrifuge is 
rotated at the low speed stated, the acid also rotates and sinks 
in the center while rising on the sides, thus assuming a parabolic 
form. This causes a corresponding difference in pressure, and 
the acid circulates from the sides, down the sides, and up through 
the central cone, passing through the cellulose being nitrated 
in a radial direction. This action also tends to keep the acid 
cleaner, as by constantly passing through the cotton, the latter 
acts as a filter, and the loss of cottcn suspended in the waste acid 
is reduced to a minimum. 

While at first blush it might appear that the continuous cir¬ 
culation of acids would lead to a loss in nitric acid by fuming, the 
reverse is actually thercase, it having been found in practice that 
the major portion of the circulation takes place under the .surface 
of the acid, and the construe tion in no wise interferes with the 
subsequent removal of the acids by high speed. The earlier 
machines were made of iron which occasionally split, byt at the 
present time they are constructed of sheet iron, so fabricated that 
the drum is entirely independent of the cast iron parts. 

A second and smaller escape-cock k permits the acid in the 
centrifugal to be collected separately by itself. For the purpose 
of the circulation of the acid, the middle hollow part of the drum, 
the so-called drupi-cone t is provided with a large number of 
perforations, and lengthened downward in the form of a ring. 
Above the bottom of the casing, and at a small distance from it, 
lies a second ring r, whose outside edge reaches almost to tlic side 
of the casing, while its inner nearly touches the extension of the 
drum-cone already mentioned abfcve. 

There is, therefore, by this arrangement, a direct connection 
between the interior of the drum-cone and the outside part of the 
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' inner chamber of the casing, as will be observed from the cut. 

The cfcntrifugal can be made to move quickly or slowly as 
desired, by putting one or other of the two loose pulleys—which 
are arranged on the transmission shafting at both sides of the 
fixed pullby, and which run at different speeds—on to the fixed 
pulley, the quick-running pulley being then driven by the prin¬ 
cipal transmission, the slow-moving pulley Toy a slow-moving 
intermediate transmission. 

In order to exhaust the nitric acid vapors during the process, 
and to throw off the material undergoing treatment, the centrifugal 
is connected with a stoneware exhauster by means of the support 
0 and the collecting-pot for condensed acid n arranged near it. 
This conveys the vapors to the chimney or to a condensation 
appliance. 

From the above details, it will be seen that by means of tlie 
acid-circulating appliance an uninterrupted intimate mixture 
of the acid is effected, and in .such a manner that at a certain 
fixed moment acid of the same composition and of the same 
temperature can be made to penetrate throughout the material 
under treatment. When, therefore, proper raw material of a 
regular texture is used, a nitrated product is obtained which pos¬ 
sesses great uniformity and approximately the same chemical 
and physical characteristics. 

In the older form of nitrating centrifugals, the east-iron 
bottom of the centrifugal was also the bottom of the vessel con¬ 
taining the acid, a construction which hindered the work and 
rendered frequent repairs necessary, for the cast-iron could not 
resist the effects of the acid for any lengthened period. The 
new type of centrifugal built by Selwig & Lange is provjded with 
patent acid-holders' which arc made entirely of steel plate, so 
that the acid cannot come into contact with cast iron at any part. 

At the lowest point of the oblique bottom the escape q is 
fixed, the prc.s,sed conical interior of the bottom surrounds the 
conical tipper part t of the cast-iron bearing, and the angle-iron 
riveted on to the bottom of the holder rests on the under frame, 
to which it is firmly held by metqis of a few clamp screws. When 
these are loosened and tlie conduction pipes screwed off, the entire 

f. D. R. P. 1688,52, 174.576, 1006; abst. Wag. Jahr. 1906, 52, II, 399. 
Cheni. Zts. 1907, 6 , 47. 
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holder can be easily taken down. In case, therefore, an acid-* 
holder becoraeS defective, it can be easily and conveniently re¬ 
moved for repairs and its place supplied by a reserve holder. 

/ Another advantage consists in the fact <that air, which enters 
through a few holes on the angle-ring fixed on the bottom of the 
holder, can be sucked through the intermediate chamber between 
the upper conical part / of the bearing and the conical inner part 
of the holder. The spindle bearing it is thereby well cooled and 
ventilated and withdrawn completely from the inlluenec of the 
acid vapors. 

Selwig & Lange' have more recently patented* an arrange¬ 
ment for feeding paper into the nitrating vessels. The apparatus 
consists of a vertical stem suspended from a traveling carriage, 
which can be adjusted over any of the nitrating vessels. At the 
lower end of the stem is situated a reel of paper, the paper from 
which passes over a guide roll and between a pair of drawing 
rolls also carried by the stem. The drawing rolls are operated 
by means of a belt driven by an electric motor mounted at the 
upper end of the vertical stem. An oscillatory motion may be 
imparted to the stem if desired. 

In their most rec,pnt model of nitrating centrifuge, as illus¬ 
trated in Fig. I.').'), provision is made for elimination of the fumes 
by an efficient draught, shown at the left side of the cut. this 
is intended to be connected by means of earthenware pipe, and 
be operated by a stoneware fan. Some criticism has been made 
as to the inadequacy of this arrangement. When the'weather 
conditions are adverse—i. e., on heavy, muggy and foggy days 
it is exceedingly difficult to properly take care of the nitrous fumes 
during nitration. An ordinary propeller fan with aluminium 


1. According to their circular the Selwig & Lange’s nitrating c-entrif- 
ugals are supplied in the following sizes:___ 


No 

Kxtcnial 
Diameter 
of Drum 

Height 
of Drum 

Capacity 

Charge 
of Cotton 

Revolutions 

H P. Necessary 

of Drum 

of Casing 

[Htr Minute 

Starting 

Running 

1 

2 

30.4 inch. 
(1000 mm.) 

33.5 inch. 
t850 mm.) 

15 inch. 
(380 ram.) 
14.2 inch. 
(360 ram > 

56 gal 
(2601 ) 
39 gal. 
(1751 ) 

77-88 gal 
(375^00#) 
82 gal. 
(CB 2551.) 

22-26H Ib 
(10'12k ) 
14M -I7H lb 
(6 5-8 k.) 

about 1000 

about 1150 

9-10 

7-8 

2-3.3 

1.7-2 


2. F. P. 409220,1909; abst. Mon. Sci. 1910,73,295. 
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• blades is much lighter, requires less power to drive, and is equally 
efficient, t 

The propiortion of acid to cotton is usually about 50 to 1, 
the charge of cellulosa per centrifugal varying with the nature 
of the cotfon being esterified, and the grade in nitrogen per cent. 



Fio. l.W.—Ssiwio AND Langb Nitrating Csniritugal with Fomb 
C oNvBYOR Attached 


of ester being produced. Ordinarily, a 40-inch basket wjH com¬ 
fortably nitrate a 35-lb, batch of cotton. For artificial leather 
pyroxylins, a yield of 1.3 on the cotton is usually obtained; for 
celluloid pyroxylin, a yield of 1.38-1.40, and for military gun¬ 
cotton, yields of from 1.50-1.55, a 25-30 minute nitration being 
made. 

Wolfshohl Automatic Cotton Steeper. Another improve- 
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ment in nitrating centrifugals consists in the automatic cotton-* 
steeping appliance invented by H. Wolfshohl. ‘ Up to the present 
time the usual method of feeding cotton to the nitrating centrif¬ 
ugal has consisted of one workman throwing the material in small 
quantities into the apparatus, while another, by m«ans of a 
long-tined aluminium fork immersed the cotton, the drum filled 
with the acid charge meanwhile rotating slowly. This method, 
which is somewhat inconvenient, has been considerably simpli¬ 
fied by the arrangement of Wolfshohl, so much so, that the ser¬ 
vices of the second workman may usually be dispensed with. 

The process, which is of mechanical immersion, is shown in 
detail in Fig. 158, and as attached to a nitrating centrifugal in 
Fig. 159. The action of the appa¬ 
ratus is explained as follows: 

When the drum charged with 
acid slowly rotates, the material 
to be nitrated after it has been 
introduced, partakes of the 
motion of the centrifuge and 
therefore of the acid contained 
therein, the result being that the 
cotton sinks but slowly.* If, how¬ 
ever, there is immersed in the 
acid between the central cone 
and the shell of the drum, a suit¬ 
ably shaped plate, mounted so 
that it is inclined in the direction 
of the rotation of the drum, the 
material to be nitrated when in¬ 
troduced into the drum in moder¬ 
ate quantities, will be retained by 
the plate or will pove with the 
drum according as the latter is 
more or less filled with the cellulose. , 

In the latter case it will glide under the plate and be pushed 
downwards, i. e., immersed in the acid. If the completeness of 
this immersion is to be ensured, 'the drum must contain one or 

I. E. P. 23920, 1905; abst. J. .S, C. 1. 1906, 2S, 828. K. P. 359625. 
1905; abst. J. S. C. I. 1906, 2S, 393; Cheiti Zts. 1906, S, 135. D. R. P 172:171; 
abst. Wag. Jahr. 1907, 53, I, 473. Belg. P. 188182, 1905. 
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'mote devices for compelling the cotton to move with the drum 
and thus prevent it from piling up and clogging u front of the 
indined plate, and in addition, the plate must also be capable of 
yielding to the upward: pressure exerted by the material passing 
undemeaf.i it, particularly when the drum is being charged. 
This is accomplished by arranging the plate in the form of a flap, 
hinged at its upper part and urged downwards by a counterweight, 
as by a spring. 

The apparatus is made entirely of aluminium, and, as shown 
in the illustrations, consists of an oblique holder h, fixed on the 
cover of the centrifugal by means of a hinged sheet-metal flap i, 
which, filling up the space between the cone of the drum and the 
casing of the same, dips almost entirely into the add contained 
in the drum. By means of a spring rod g, which is connected by 
a joint to the support e, the flap i, which swings round the upper 
horizontal edge, is pressed downward, but in such a manner, 
however, that it can come out somewhat above when presised 
from below. In the drum itself is a horizontal tappet of flat 
aluminium fixed, between the cone and the mantle. 

Before commencing to feed the centrifugal, the steeping 
apparatus is fixed on the cover of the centrifugal by means of a 
pressmre screw, and the drum then made fo rotate slowly (24-.80 
revolutions per minute), and in such a direction that its contents 
move against the under surface of thh flap i. The cotton or otlier 
substance is now throwni into the acid, in front of the apparatus, 
but not in very large quantities. The contents of the drum are 
made to partake of the movement by means of the tappet, so that 
when the cotton is thrown in it also rotates. As soon as it comes 
to the oblique holder h and the flap i it is carried right through 
under both by the .strength of tlie current of the acid, and is 
therefore thoroughly steeped in the same. The drum is fed 
until it contains a sufficient quantity of material, whereupon, 
by loosening the rod g from the flap, the whole steeping^irrange- 
ment cau be taken off, and placed in a stoneware pot near the 
centrifugal, where it remains when not in use. 

Tolhurst Nitrating Centrifugal, as manufactured by the 
Tolhurst Maehine Works, Trof, N. Y., consists of a basket of 
‘to in. diameter, with a special two speed countershaft, whereby 
slmy speed for nitration and higher speed for acid extraction may 



NltRATlON OF ceU,UWSl3 


19()0 

be attained, and is shown in Fig. KiO. This centrifugal has 
positive acid ffirculation, 
and a high nitrating 
capacity. No vertical ad¬ 
justment of spindle is re¬ 
quired; the full roller 
bearings are grease lu¬ 
bricated; the braking and 
starting levers are in 
convenient location; the 
cover is of aluminium 
with aluminium fume 
outlet, and contains large 
acid inlet and outlet. 

As will be noted from 
the photograph, the case 
is especially heavy, and 
provides ample protec¬ 
tion to the belt and 
bearings from acid splash 
and fumes. 

Ihere is shown in 

Fig. 161 the lolhurstacid — Tocin rsi Nitrat.nu Cunirifuuai, 

wringer, designed for 

those processes where the nitration is conducted in a separate 
receptacle, the contents being afterwards deprived of nitrating 
acid by centrifugalization. |The apparatus is provided with 
heavy roller bearings which are flexibly mounted to carry the 
unbalanced load with the minimum of oscillation. Ihe case 
is provided with a large fume outlet, removable cover, and spent 
acid ovftlet. The baskets may, or may not be removable. 

This machina has been extensively employed in conjunction 
with nitration in a separate vessel, as a pot of boiler iron with 
acid draw-off valve, the acid being withdrawn after the nitration, 
the nitrocotton drained for a few minutes, and then placed in a 
wringer for the removal of the maximum of spent acid. It is 
important to allow the nitrateS cellulose to thoroughly drain 
before centrifugalization. 

In addition, this firm manufacture a “finishing centrifiural” 
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•shown in Fig. 162, of 40 and 48 in. internal diameter, which is 
self-balanced, and arranged with annular bottom discharge for 
handling the neutralized, or partially neutralized nitrocellulose. 
The discharge opening,permits the rapid unloading after centri¬ 
fuging. These centrifugals may either be driven by countershaft, 
engine, or. motor, and the countershaft or motor may be placed 
either on the floor or ceiling. • 

Vacuum Cellulose Nitration. In the older method of the 
Rheinische "Westfalische Sprengstoff A. G.’ a vacuum tight cast 
iron or lead tank with perforated false bottom, is connected to a 



Fk;. iCl.—T ochurst Acid Wringer 


closed acid tank. At the end of .the nitration period the acid 
is sucked off by means of a vacuum into a reservoir, the nitrated 
cellulose removed, the tank refilled and the process repeated. 
After removing the vacuum from the reservoir, the acid runs 
back into the vacuum tank, which is provided with « cooling 
arrangefnent. 

In the vacuum nitrating process of L. Dumons^ and shown 

1. D. R. P. 54077, 1890; abst. Ber. 1890, 23, 718; Wag. Jabr. 1890, 
S«, 539; Zts. ang. Chem. 1890, 3, 713; Chem. Ztg. 1890, 34, 1838; 1892, IS, 
277; Chem. Tech. Rep. 1890, 14, II, 144; Tech. Chem. Jahr. 1890-91, IS, 
153; Jahr. Chem. 1890, 1, 332; Dingl. Poly. 1891, 282, 61. 

2. E. P. 14003,1913; abst. C. A. 1914,8,3860; J. S. C. I. 1914, 33, 222. 
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in Fig. 163, the cotton is nitrated by producing a vacuum in the 
midst, and then causing the acid mixture to flow through the 
cotton into a receiving vessel by means of a vacuum created in 
the latter, so that all the layers of the o^tton are nitrated to the 
same extent. In the apparatus shovm, the cotton i% contained 



Fin. Toi.hurbt Finishing Ckntrifuoal 

in a perforated basket C mounted in the nitrating-vessel B. 
The lower part of this vessel is connected to a vacuum vessel E, 
and the upper part to the receiver A for the acid. In operation, 
the cock R is closed, and a vacuum first created in the vessels 
B, E. The cock R is then opened, whereupon the acid in the 
receiver A flows through the cotton into the vessel E, from which 
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•it can be returned to the vessel A for re-use after the addition of 
strong acid, A flue ¥ is lowered around the vessel B during the 
nitration process to carry off any fumes arisiifg on raising the 
cover D of the nitrating vessel. The cotton is removed in the 
basket C apd emptied into a stream of running water. 

The patentee calls attention to the fact that in the ordinary 
process of cotton esterification, the cellulose to*be nitrated cannot 



Fig. 163.—The Dumons Vacuum Nitrating Apparatus 


all be immersed in the liquid at one and the same time, nor can 
the liquid act immediately and simultaneously upon t^e" entire 
mass to be nitrated, as the cotton is and can only be introduced 
into the apparatus in portions, and with sensible intervals of 
time. The sections of cotton first introduced into the bath may 
be nitrated to a greater or higher degree than those portions 
introduced at a later period, owing to the fact that the latter 
sections are subjected to nitrating acid lower in nitric and higher 
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in water than the first portions introduced, for as the bath become^ 

' weaker in nitric acid, the nitration of the cotton last introduced 
can only be effected by the nitrating fluid which has become 
exhausted from the nitration of the cotton immersed in the earlier 
part of the process. The above vacuum process is designed to 
obviate the difficulties above mentioned. ♦ 

In proceeding according to the method as outlined by Dyna- 
rait A. G. Nobel,' a batch of cotton weighing up to 50 kilos is 
evacuated from air, then impregnated with the acid mixture, 
and immediately passed through cold acid to avoid overheating 
and maintain the concentration of the acid. The apparatus 
consists of an ifon or earthenware vessel A, a nitrator B, and a 
pressure tank sunk in the ground. 

The nitrating acid is mixed in the tank A, the cotton being 
placed in compressed form and absolutely dry in B, which is 
then closed and evacuated. The acid is now allowed to enter by 
opening a valve or faucet, the amount being regulated at will. 
After the completion of the nitration, the acid is removed by 
suction, and the nitrocotton emptied and washed in the cus¬ 
tomary manner. 

Other Centrifugal Nitration Processes. In addition to the 
processes for the centrifugal nitration of cellulose previously 
described, several other methods have been proposed which 
embody points of apparent merit, chief among which methods 
are the following: 

In the nitrating wringer as developed by R. Kron’ and 
shown in Fig. 164, there is provided a centrifugal perforated basket 
adapted to be tipped, in combination with a surrounding cylinder 
or guard,*above a liquid receiving or delivering trough, the cylinder 

1. D. R. P. 74736; abst. Chem. Centr. 1894. 65, II, 400; Jahr. Chem. 

1894, 47, 1133; Wag. Jahr. 1894, 40, 496; Zts. ang. Chem. 1894, 7, .338; 
Her. 1894, 27, 777. ^ 

2. E. P. 1.3612, 1891; abst. J. S. C. I. 1891, 10, 740, 746, 872, 880, 
991, 1029. D. R. P. 05540, 1891; 67142, 1892; abst. Ber. 1893, 26, 125; 
Wag. Jahr. 1893. SO, 428; Zt.s. ang. Chem. 1893, 6, 22. Swiss ^061, 1891. 
Ital. P. 30264, 1891. 

In the nitration process of A. Vajdafy (IJ. R. P. 300740, 1915; 
Abst. Chem. Zentr. 1920, 01, II. 468; J. S. C. I. 1920, 10, 429-A) the 
material is kept in motion so as to absorb the acid in a gradual, cratinuou.s 
and uniform manner, and is then pre^d to yield a product containing only 
70% of acid. The rotary nitration apparatus, which is mounted on an 
indhted shaft and gradually diminishes it| site towartU the top, is provided 
with spirally arranged, internal ribs. 
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being arranged so that it can be moved clear of the centrifugal 
while this is being tipped. » 

The J. Alliott centrifugal comprizes a perforated basket 
surrounded by a casing*.which will retain a sufficient quantity of 
liquid in tlij basket when it is stationary, and permit the liquid 
to flow from the basket under the action of centrifugal force when 



Fio. 164 ,—Kron Nitrating Centrifugal 


it is rotating. The casing takes the form of a frustrura of a 
hollow cone, and rotates within the basket. 

The apparatus of H. Risler* is a nitrating centrifugal for 
wringing the spent dcids from the nitrated material, and is built 
with perforated segments whiclj are placed under the edge or 

1. E. P. 3177, 1902; abst. J. S. C. I. 1903, 22, 287. 

2. F. P. 454849, 1913; abst. C. A. 1914, 8, 1.361; Chcm. Ztg. Rep. 
1914, 38, 9. 
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flange of the centrifuge drum, the object being to cover the nitro¬ 
cellulose and prevent its flying out. In the nitrating apparatus 
of the Vereinigte Eisenliutten u. Maschinenbau A. G.,' the cover 
is held in place by means of springs so th^t it is lifted in the event 
of undue pressure being developed in the nitrating g.'essel, but 
returns to its normal position as soon as the pressure.is relieved. 
An annular hood, attached to the cover and to the rim of the 
nitrating vessel, is arranged over the joint, so that in the event 
of an explosion in the nitrating vessel, any flame jets escaping 
are directed downwards. 

The .Sudenburger Maschinen Fabrik^ manufacture a nitrat¬ 
ing vessel with eonical sidewalls which is fastened to the axis of a 
centrifuge, and contains another ve.ssel with holes serving for 
the reception of the cotton to be nitrated. The whole is arranged 
in a closed space to prevent attack by acid vapors, and is pro¬ 
vided with an efficient vapor removing system. The bottom of 
the space is closed by a tight membrane while the apparatus is 
stationary, thus allowing the acid to flow away when the vessel 
is in rotation. The T. Quiller’ and the David.sen'' processes 
are similar, as well as the tipping centrifugal design of M. Dclpy.“ 

Gebriider Heine have also constructed centrifuges with 
circulating acid device on a novel principle,' in which the acid 
returns through the holes in the inner side of the drum. The 
ciradation of acid is brought about and maintained by means 
of a ring which surrounds the dnnn in a spiral screw thread form. 

Another type of centrifuge con.stmctcd by this firm esivecially 
for purposes of cotton nitration,' has a rotating drum with double 

1 D. R. P. 288.362, 1015; abst J. S. C. I 1016, 3S, .5.58, Clicm. ZIr. 
Rep. 1915, 3S, 494; Wag Jahr. 1916, 62, I, 2.5; Zts aiig. Cliem. 191.5, 28, 6.32. 

2. D. R. P. .58.381, 1890; abst. Her 1892, 25, 240, Wag Jahr. 1891, 
37, 4.30; Zts. ang. Chem 1891, 4, 682. 

.3. Norw P.21879, 1910; abst Chem Ztg 1912,36,11.5. 

4. F. P. 2.5,5.563, 1896. 

.5. D. G. M. ,511610, 1912. H. P. 8992, 1912, abst. C A. 191.3, 7, 
3J2.5; J. S. C. I. 1912, 31, 786 

6. I). R. P 120597; abst Zts Schiess Spreiig. 1910, S, 438. In 
D. R. P, 165225, 190,3; abst J. S. C I 1905, 24, 457; Wag. Jahr. 1904, 56, 

I, ,345; Chem. Ztg. Rep. 1905, 29, 104, Chem Zts 1905, 4, 197, 2^2, the out¬ 
let channels for the acid arc provided with overflow tubes 

7. D. R. P. 202489. abst. Chem. Ztg. Rep 19i')8, 32, .579; Wag. Jahr. 
1908, 54, I, 432; Zts. Schiess. Spreng 1908, 3, 315. In the Gebr. Heine and 
Fiirbereieit v. J. Schetty Sohne, D. R. P 270.571, 1912 (Add to U. R. P. 
260177; abst. C. A. 1913, 7, ,3236; 1914, 8, 2490; Chem. Ztg. Rep. 1914, 38, 
226; Wag. Jahr, 1914, 60, II, 3.52). The centrifuge is es|>ecially adapted for 
dyeing, bleaching, wa.shing and nitrating textile materials. 
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■walls, the inner wall perforated, the outer wall not. The material 
to be nitrated is placed in the inner drum as usual, the double 
drum being filled with acid in the customary manner. When 
the drum rotates with .sufficient velocity, the level of the acids 
will assume a parabolic form. Several removable scoops pick 
up the acids in the space between the perforated and imperforate 
drum, which is conducted through‘a commoi^ centrally located 
tube back to the bottom of the apparatus, from which it re-enters 
the drums through the perforations at the inner side. All the 
acid is thus compelled to circulate, and high efficiency is attained. 
Afterwards the scoops and central tube are swung aside and the 
acid centrifugalized at high speed. 

This firm also builds nitrating centrifugals of glazed earthen¬ 
ware, cemented into steel drums to prevent rupture. In this 
apparatus the lower bearing is of ball thrust,* thus automatically 
taking the strain off by means of a hydraulic arrangement, lubri¬ 
cation being by automatic oil circulation. The drive is from 
underneath by a single belt. 

In one of the models of nitrating centrifugals as manufactured 
by C. Haubold, and used extensively in Germany and elsewhere, 
each part of the machine which can come in contact with the 
nitrating acid is constructed pf stoneware. In one preferred 
constructional arrangement, the drum is composed of two walls, 
the outer one solid, and the inner one perforated. The space 
between the two is closed at the top, and widens conically at 
the bottom, where the acid removed by wringing, and is withdrawn 
by several openings normally closed by stoneware balls. When 
the machine is in rotation, the centrifugal force dislodges the 
balls, and allows the acid to run off, the balls autohiatically 
returning to their seats as the machine stops. The stoneware 
portion is built into an iron body so constructed that it can be 
tightened by bolts in two directions, the space between it and the 
stoneware parts being filled in with a cement which will indefinitely 
remain iu elastic condition. The pressure against the inner 
stoneware parts is so adjusted as to be greater than the calculated 
outer pressure due to centrifugal force, in order to preclude the 

1. D. R. P. 164638. O. Criindltch (ZtS. Schiess. Spnug. 1610, S, 
.352, 413, 434, 458, 478) has given a detailed and exhaustive r^nm^ Of nitrat- 
nij: centrifugals, with 28 cuts, 
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possibility of bursting the stoneware drum of the centrifugal. 

The acid thrown off when the centrifuge is iq motion, is 
caught in a stoneware ring with a higher outer wall, and runs off 
through stoneware cocks. If it is desirad to nm acid out of the 
centrifugal while standing still, the stoneware balls c»n be lifted 
from their seats by means of an aluminium wire. .When used 
only as an acid removing wringer, the balls may be entirely 
dispensed with. 

Another nitrating and acid removing centrifugal type con¬ 
structed by C. Haubold is of unusually heavy construction, the 
drive being built on the same frame as the machine. The outer 
shell may be rigid, or made demountable, the advantages being 
that at the end of the nitrating operation, the filled drum can lie 
lifted out and replaced by another full one, thus saving time. 
The connections of the drum to the rotor are so arranged tliat it 
automatically disengages on lifting. The outer shell is made 
hollow to permit of heating or cooling. Acid fumes are removed 
by a S-shaped pipe connected to the shell, so arranged as to pre¬ 
vent the carrying away of fine particles of nitrated cotton, or of 
acids. 

An important point in connection with any nitration proc¬ 
ess, but especially In centrifugal esterification, is the proper 
removal of the nitrous vapors from the nitrating chamber, in all 
cases where the vapors are not removed from the closed nitrating 
apparatus by direct conduit pipes. Many factories have louvres 
on the roof, but they are usually defective in efficiency, and the 
fumes soon corrode the iron framework of the building, aside 
from the detrimental effect on the neightoring vegetation where 
the acid may be precipitated by the moisture. Other plants 
have arranged large hoods leading to a chimney with steam suc¬ 
tion in the stack to effect circulation. Furthermore the acid vapors 
represent money^ in many instances economical to try and recover. 

A rational method is to remove the vapors by stoneware 
suction fans, and conduct the fumes, if desired, throiigh towers 
packed with a cheap filling material, dow.i which trickles a fine 
stream of water. Selwig and Tange build fans with aluminium 
casing and fanwheel.‘ • 

The various accidents which have been reported in connec- 

t. D. R. G. M. 216323. The Vereinigte Tonwatenwerke (D. R. P. 
161233; abst. Wjig. Jahr. 1905, SI, I, 4.50; Chem. Ztg. Rep. 1605, 29, 307; 
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tion with the operation of cotton nitrating centrifugals, have 
only emphasized the extreme care which manufaaturers of this 
apparatus should bestow in determining that their machines 
possess the maximum (rf strength and safety.' In one instance 
which maj Jie cited,'' the suggested possible explanation of the 
cause of the decomposition, was that drops of condensed water 
from the centrifugal cover fell into the gimcott(fn, or that pieces 
of wood or hardened lumps of cellulose led to local preheating 
which was not readily dissipated. Kubierschky’ has designed 
the construction of a continuously operating nitrating apparatus, 
automatically regulated, alleged to overcome the dangers found 
in the other types. • 

In the nitrating centrifugal as developed by the Vereinigte 
Tonwarenwerke,' the perforated insert of the centrifugal drum 
has walls'that are concave towards the outside of the drum, and 
resting again.st the bottom of the drum, the upper edge being 
retained by the sloping outer walls. By tightening up screws, 
the stoneware part is put under compre.ssion so that there is a 
tendency to buckle inwardly, thus compensating any outer 
pressure induced by the centrifugal force when the machine is in 
motion. Klastic rings conveniently placed, serve to minimize 
any mechanical shocks which would tend to break the stoneware 
parts. Construction is such that no acid can come in contact 
with the metal parts. 

The Thomson Displacement Process of cotton nitration, 
devized Uy J. M. Thomson and W. T. Thomson, is designed for 
the nitration of cotton for a wide variety of uses. In England, 
where tlie process was perfected and first patented in 1903,^ 
so-called “guncotton proper"—those .cellulose nitrates of highest 

Zts. Schiess. Spreng. 10(Xi, 1, t(i) have patented an automatic device for the 
opening of the outlet valves of nitrating centrifugals, wherein the valves 
arc opened by means of a special device operated by centrifugal power. 

1. Ann. Kep. H. M. Inspect Ivxpl 188ti, 20, 32, KF, 90. 

2. Anon., Zts. Schiess. Spreng. 191.5, 10, 4b; abst. C. A. 1916, 9, 1248. 

3. Anon., Chem. Ztg. 1011, 15, 1441); abst. C. A. 1912, 6, 804; J.TS. C. I. 
1912, 11, 92. 

4. D. R. P. 150227; abst. Wag. Jahr. 190,5, 51, I, 440; Mon. Sci. 
1007, 67, 10; Chem, Zts.n907, 6 , 48. 

5. E. P. 8278, 1003; E. P. 304081, 1906; no U. S. P. granted; abst. 
J. S. C. I. 1904, 21, 560; Mon. Sci. 1934, 21, 733; Arras Expl. 1904, ^ 84. 
D. R. P. 172499; abst. Mon. Sci. UH)8, 69, 160; Chem. Centr. 1906, 77, 11, 
840; Jahr. Chem. 1905-08, II, 973; Wag. Jahr. 1906, 52, I, 475; Zts. ang. 
Chem. 1906, 19, 1056; Zts. Schiess. Spreng. 1906, 1, 261; Kunst. 1912, 2, 35. 



NITRATION OF CEl,I,UI,OS13 


1979 


nitration and insoluble in ether-alcohol with nitrogen content 
of around 13-.5%, and intended for blasting gelatin pd torpedo 
work—having been used exclusively in England at Waltham 
Abbey since August, 1905. In the Ui^ted vStates this process 
was first tried on an experimental scale in February, yiOS, actual 
production being commenced some three weeks lifter,' at the 
Government Kcatinny Arsenal, Dover, N. J., Colonel Odus C. 
Homey, commanding, where it has lieen in operation continuously 
since, this being the only place in the United States, to the author’s 
knowledge, where this process has been carried on.* 

In the original specification of the inventors, the patent 
claims are basod upon the discovery made by them, that the 
acid extraction and preliminary washing operations in cotton 
nitration may be combined by removing the acids from the 
nitrated cellulose directly by displacement without the employ¬ 
ment of either pressure, vacuum or mechanical appliances, and 
at the same time securing the minimum dilution of the acids. 
They also observed that if water be carefully run on the surface 
of the acids in which the nitrocellulose is immersed and the acids 
slowly drawn off at the bottom of the vessel, the water displaces 
the acid from the interstices of the nitrocellulose with no unde- 
■ sirable rise in temperature, and with but little dilution of the 
nitrating acids. By this method the maximum acid is recovered 
in condition suitable for concentration and re-use, and the volume 
of water required for the preliminary washing materially reduced. 

This method has been adapted to the preparation of a pyro- 

1. Through the courtesy of Colonel Homey, the then commanding 
officer, the author was permitted to see the process in oiwration, and from 
whom much of the data contained herein was obtained. The description 
of the Kiaglish method has been taken principally from an article by F. 
Nathan, J. S. C. I. 1909, 28, 181; Chem News, 1909, 99, i:«>, 152, 1,59; see 
also “Arms and Explosives,” 1906, 14, 77. 

2. The nitrating acid enters the pans A, from underneath, B being the one- 
piece perforated segmental plate placed on the bottom of each pan before 
the introduction of*the cotton. A hood, shown faintly in the background 
is placed over each pan during introduction of the cotton into the nitrating 
acid, and by means of the flue P, the fumes from two pans arc carried down¬ 
ward by suction and out of the building. A fan is located in thif roof of the 
building which forces pure air through the apertures shown at II. The stream 
of water issues from the quarter-inch mbber hose /Twhich is kept in position 
by means of a weight, such as a piece of lead 0. The nitrated and washed 
cotton is shown at E. When the ektirc surface has been covered with a 
thin film of water, fuming ceases. After nitration has been completed, the 
spent acid is withdrawn and cold water run in so gradually that no dangerous 
rise in temperature takes place. 
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collodion powder at the Picatinny Arsenal above referred to, 
with a nitrogen content of 12.5%-12.7%, and prtictically com¬ 
plete solubility in ether-alcohol. At the present time a large 
series of four pans each are in daily operation, each pan consisting 
of a cylindripal stoneware vessel (see Figs. 170-172), constructed 
with a perforated stoneware false bottom which is removable, 
and under which is a cock at the lowest point fCr running off the 
liquid.' The,nitrating acid at a temperature of 28‘’-30^ and 
containing nitric acid 21%-22%, .sulfuric acid ().‘l%-64%, is 
run by gravity' into the pans, 700 lbs. in each.' The cotton—20- 
lb. charges for each pan—is brought into the nitrating house in 
■sealed cans, with moisture content less than 1%, and at a tem¬ 
perature at least as high as the nitrating acid in which it is to be 
immersed.* The cotton is immersed in the acid in small portions 
at a time, the entire operation requiring about fifteen minutes. 
When the charge of cotton has been entirely immersed, the five- 
section perforated stoneware top plates are placed over the cotton, 
care being taken that all pieces of cotton are under the surface 
of the acid. A film of cold water* is then immediately flowed 
over the surface of the top plates to a depth of about one inch* 

1. Four pans are usually spoken of as unit and are nitrated and emptied 
together. In nitrating such a unit the services of six men are required to 
immerse the cotton in the nitrating acid, one man to immerse the cotton for 
each pan, and one man for each two pans, who places the cotton onto the 
acid for the immersion by galvanized ironworks. A single-piece hood con¬ 
structed of wood, but impregnated with paraffin oil and coated with a high 
congealing-point wax forms the hoods, each hood having an opening on 
opposite sides for the delivery of the cotton and for the submerging of it. 
The top of the hood, directly over the center of each pan, contains a window, 
over which is suspended an electric light to better light the interior of the 
pans during the preliminary immersion. Exhaust pipes are also provided 
for the withdrawal of fumes. 

2. Various devices arc in operation fpr heating the acid to yhe desired 

temperature before introduction of the cotton. In one method the acid 
circulates through pipes in a steam jacket or hot-water tank. Perhaps as 
simple And efficient as any is to encase the delivery pipe with a larger pipe 
containing steam connection, when by admitting steam at a given pressure, 
and running the nitrating acid through the inner tube at a determined volume, 
heating of the nitrating acid is practically automatic. ' , 

3. Ip J. S. C. I. 190(1, U, 181, a charge of 600-060 lbs. is recommended 
for the production of cellulose nitrate of highest nitration, a 29-lb. charge of 
cotton being used. , 

4. From five to ten minutes is required to run in the nitrating add 

per pan, depending on the force of gravity and the diameter of the entering 
pipe. *■ 

5. A small stream for a quarter-inch ordinary gas tubing hose is 
suSScient. 

6. Thomson in their original patent (1. c.) suggest the use of sulfuric 
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Fig. 165.—Thomson Dispwcsmbnt Apparatus for Cot¬ 
ton Nitration 

a. Tank; b. False bottom; c'. Ribs; e, Grid;/, Troughs; 
g. Aprons; h and A', Pipes to Troughs; m, Pipe to Nitrating 
Acids; 0 , Perforations of Troughs; p, Cock for Removal of 
Acid. 



Fic. 166 .—Thomson Displacement Apparatus for CbT- 
TON Nitration (Sectional Els\ation) 
a, Tank; b. False Bottom; c'. Ribs; d. Drainage Outlet; e, 
Grid;/, Troughs ;g, Aprons; A, IP, Pipe and Branches to Troughs; 
I, Water Supply Pipe; m, Pipe Leading from Nitrating Acids; o, 
Perforations in Trough; p, Cock to Remove Spent Acid. 
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in order to seal tlie nitrating acid and prevent fuming. The * 
hoods which aA placed over the pans during immersion of the 
cotton* are now removed, the cotton remaining soaking in the 
nitrating acid for periods varying from >-2.5 hours, depending 
on the physical results in the nitrocotton desired. At the expira¬ 
tion of the time in which the nitration is considered completed, 
the cock leading to the waste pipe is gradually opened, the waste 
acid allowed to flow away from the nitrated cotton at the rate 
of about 17 lbs. per minute, the volume of fluid in the pan being 



Fig. 169.—A Unit op Four Thomson Disi^acbment Pan^ 
(from A rms and Explosives) 


maintained by running cold water in on the top plates through 
the distributor. This displacement of acid by cold water is con¬ 
tinued until the major portion of the acid has run out, the water 
following the acid through the nitrocotton with but little appre¬ 
ciable mixing, this displacement requiring about forty-five 

acid for sealing where the higher nitrated cottons are being prepared. In 
some cases the method may be carried out in an ordinary centrifugal, using 
the tatter to effect preliminary drying after acid exqaction. This has the 
advantage over the usual method of working the ordinary centrifugal nitrating 
apparatus, because the add bdng removed from the centrifugal is so gradual 
that practically all danger of firing andf “fuming” disappears, and a greater 
proportion of waste add is recovered. 

1. The hoods may be transported around the nitrating room by means 
« a traveling crane. 
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•minutes.' The water displaces the mixed acids so grad¬ 
ually that, the temperature of the nitrating acid* in the pans is 
not rai.sed. The waste acid passes out of a :i-infh pipe by means 
of overflow into a larger pipe, and in this E-inch pipe floats a 
hydrometer, whereby the concentration of the acid may be 
observed.-. The cotton after the water has lieen allowed to 
drain away is shoveled into trucks, either witlf aluminium forks 
or preferably, with wooden shovels, ' and wheeled to the wash 
house, the pans washed out and the operation repeated."' 

This system of manufacture offers many advantages over 

other methods of cotton nitration, among which may be men- 

< 

1. The patentees found that ttie rate of displacement exerts a con¬ 
siderable influence on the properties of llie resulting nitrated celluloses, and 
affords a means of regulating the temperature of displacement, the rate 
found suitable being about two inches ])er hour when treating highly nitrated 
celluloses. It is especially essentuil m this process that the water used be 
thoroughly filtered, for if the clarification of the water has been inefficient, 
when the top plates in the puns are removed at the close of the nitrating proc¬ 
ess, the nitrocotton immediately under the hose which supplied the water 
will be found in various stages of discoloration, or perhaps a dark precipitate 
deposited, the cotton acting like a filter to se[)arate the solid particles. Al¬ 
though these partic;)cs (if jfresent) are supposed to lie removed in filtering 
the block of gelatinised cellulose nitrate Ihrongli the '‘macaroni” hydraulic 
press, filtration of the water used in displacement Ihrongh s;md or sponge 
filters is always desirable 

2. There is more waste acnl separated ;nul reclaimed by this process 
than can lx* utili7-ed for fortifying purposes indefinitely, the spent acid accumu¬ 
lating. In order, however, to obtain the desired amount of spent acid of 
maximum concentration, various methods have lieeii trie<l to divide the 
waste acid into definite fractions The specific gravity of the strongest acid 
as it leaves the pans and at the teinperalnre (aln>iit d2'') is about 1.7 By 
now separating as the first fraction a volume of spent acid re(|uired to make 
lip the n<?xt day’s run of acid, using the strongest commercial acids olitainable, 
and for a second fraction, all that portion not reciinred for strengthening, 
but yet sufficiently strong so as not to attack t(X) powerfully the transportation 
containers, seems to be the most economical solution of the problem of spent- 
acid recovery and utilisation It has heen^foimd that a spent aaid of sp gr. 
much under 1.4 attacks iron so readily as*to be inadvi/.able for feshipment, 
and it is usually run into the sewer The charge of nitrating acid for a pyrocol- 
loftion nitrocellulose usually consists of tlirce ])ortions (1) The spent acid 
from previous nitration (2) Sulfuric acid absolute H^SOi (which in 
winter has aliont 1' ,', of nitric acid added to it to pi»ovent freezing by the 
formation of monohydrate crystals) and (d) a mixture of nitric a^id 52%, 
sulfuric acid 45^<i. 

.‘1. The so-called potato shovels, made entirely of woorl 

4. In the Austrian method of cellulose nitrate manufacture (G. Mac¬ 
Donald, "Arms and Kitplosives,” ItKM). p. 38) raw cotton is immersed in an 
acid mixture forty-eight hours, then placed in running water four to eight 
weeks until free from acid. In the‘I*rrncli method, cotton is immersed in 
an acid mixture for one hour and then immersed in running water for one hour. 
The remaining acid is subsequently neutralired by a solution of potassium 
carbonate. 
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tioiied the following as the more meritorious points:’ 

(1) The dfisplacement process takes the place of the processes 

of dipping, digesting in pots, acid eentrifugalizing. immersing and 
hydroextraction. • 

(2) The actual dipping of the cotton is a much less*laborious 
operation the heavy labor of squeezing out the acid isflonc away 



Fio. 170 “Till! Thomson Disei-ACKMi’NT I’rocbss for Cotton Nitration, 
AT PiCATINNY .ARsn.N'AI., DoVliR, N. J. 


with, while the absence of fumes makes the work much less dis¬ 
agreeable and more healthful. Fuming by this process is almost 
unknown, and injuries to workmen from ayid splashing very 
infrequent. 

(3) Loss of nitrocotton due td decomposition in the digesting 
pots and acid centrifugals and consequent inconvenience and 
danger to workmen from nitrous fumes are done away with, Md 
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I'To. 171 .—Thomson Displacbmbnt Nitration in France 



Pio. 172.— Plumbing Installation for Displacbmbnt Plant (from Arms 
and Exphsives) 
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the heavy loss from breakage of pots and lids avoided. The 
experience of a number of years at Picatinny and at Waltham 
Abbey have shown that the earthenware pots are very lasting. 

(4) The fumes incident to loading and unloading acid cen¬ 
trifugals and immersing are avoided. • 

(5) The quantity of acid lost is much reduced^ and this 
reduction means less pollution of the discarded wash-waters. 

(C) The recovered waste acid is much cleaner, a point of 
great importance from the point of view of revivification and 
concentration. 

(7) The mechanical loss of nitrocotton in the acid and water 
centrifugalizing {irocesses and in the immersing processes is 
avoided. 



Pro. 173. —View Showing Arrangement op Units in Rows 
(from A rms and Explosives) 


(8) A more thorough preliminary washing is obtained with 
an expenditure of about one-fifth of the quantity of water, and 
less boiling, with con,sequent consumption of steam, is required 
in order to reach a given standard of purity. 

(9) Great saving in power is gained by the abolition of the 
acid and water centrifugals, and in the reduction in the quantity 
of water which has to be pumped. 

(10) Renewal? of plant and repairs to plant and buildings 
arc said to be exceedingly low. 

(11) The number of hands employed for any given output 
is much less—the' total co,st of labor being reduced by two-thirds. 

(12) The yield is improved. At Waltham Abbey it is given 
as 170% (probably theoretical).* At Picatinny with a 12.6% 
nitrogen it is between 151%-152%. 

(13) A more stable nitrocotton, of more uniform nitrogen 
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Fig. 174.—Thomson Displacement Nitration Pans 
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content, is stated to be produced. It is also far cleaner and con* 
tains notably fess mineral matter. , 

(H) According to G. Lunge the loss of concentrated acid 
is only 11% of the weight of cellulose niUrate as compared with a 
loss of l.)0% by the older processes. • 

G. Mac Donald' has examined the spent acids issuing from 
the Thomson displacement process for cellulose nitration and 
has found that as the displacement prweeds, the ])ercentage of 
nitric acid in the waste acid first falls slightly, then rises distinctly 
and finally falls, whereas the ratio of nitric to sulfuric acid, after 
a very slight initial falling, rises steadily until the end of the 
displacement pe*riod. 'I'his phenomenon is explainable only as 
due to a partial denitration of the nitrocellulose and the evidence 
of decomposition of the more unstable products to a greater 
extent than that from normal cellulose nitrate. 'I'hese results 
are clearly shown in the following table: 
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According to Mac Donald, 7l>'/( of the mixed acid is recovered 
for regeneration at the speed of it pounds per minute, the actual 
1. J. S. C, I. 1911, JO, 251; iihst. Zts. .Scliiess .Spretigs 1911,6, .189; 
C. A. 1911. 5, 1839; Rep. Chim 1911, 11, 2.V), CTiem Zenti, 1911, 82, I, 
1902; Chem Ztg 1911,35, 281 
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loss of acid being only 0.4% of the total or 0.08 part to one part 
of guncotton produced. The water consumed eqtfals one gallon 
per two pounds of guncotton, the proportion of mixed acid to 
cotton being 34.37% to* 1, whereas in the centrifugal processes 
the usuaUratio is fifty to one. The product produced contains 
on the average 13.0% nitrogen compared with 13.1% to 13.2% 
in the centrifugal method. He points out thaf with the latter 
method, the loss of acid equals approximately 2 gallons per 
kilo of guncotton produced. 

G. Lunge* has found that the water completely displaces 
the mixed acids from the nitrating bath without appreciably 
raising the temperature or diluting the acids, and that the latter 
can be used over again with less fortifying, while the nitrating 
material does not require as much washing as in the older proc¬ 
esses. Lunge summarizes the advantages of this process as 
follows: saving of time and labor, there being no nitration pots 
or centrifugals to break or get out of order; absence of fuming; 
simplicity of apparatus; loss in concentrated acid of only 14% 
of the weight of the cellulose nitrate obtained, compared with a 
loss of 150% in the other process; requiring much less preliminary 
washing; and loss of acid in wa.sh water, and absence o{ fuming 
which is better for the health of .the workmen. 

M. Delpy® states that as the result of his experience with 
the Thomson process he has not succeeded to any extent in 
replacing even a part of the centrifugal nitrating system. He 
cites an'instance in which a collodion plant was altered from the 
pot system to the Thomson process, wherein 28 units designed 
for a daily yield of 3,000 kilos, gave only a maximum of 1700 
kilos of nitrated cellulose. This system was then rc^aced, so 
he says, by seven nitrating centrifugals with entirely satisfactory 
results. In opposition to the claims of Thomson for his method, 
the following disadvantages of the displacement process are given 
as shown from practical operation of the plant above meirtioned; 
First, int:reased trouble from acid fumes; second, high cost of 

1. Zts. Schiess. Spreng. 1906, 1, 2; abst. Chem. Centr. 1906, 77, I, 
714; Jahr. Chem. 1905-08. 11. 974; Wag. Jahr. 1906, 52, I, 487; C. A. 1907, 
1, 1622; Meyer Jahr. Chem. 1905, IS, 3M. See also O. Guttmann, Chem. 
Zts. 1905,4,197. 

2. Zts. Schiess. Spreng. 1912, 7, 237; abst. J. S. C. I. 1912, SI, 662; 
C. A, 1912,6,2842; Chem. Zentr. 1912,83,11,977. 
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repairs; third, large losses of acid from breakdowns in acid leads, 
etc.; fourth, Increased number of operators required„(18 as com¬ 
pared with 8 with the centrifugal system); and fiftli, greater 
ultimate losses of acid than with centrifugal nitration. In view 
of the most thorough and practical investigation and fommercijil 
u.se of this process both at Picatinny Arsenal in the United States 
and in England, the above objections should be accepted cum 
gram salts. 

According to a recent article,' further evidence of the superi¬ 
ority of the centrifugal method over the displacement process 
for nitration is found in the fact that sixteen centrifugals of 
recent type haVe lately been installed in the French factory at 
Moulin Blanc as the result of a report of a French Investigating 
Commission.'' 

'i'he pnx'ess of C. Clacssen’ is quite similar to that of Thom¬ 
son. In this, after the nitration is finished and tlie acid has been 
separated, sulfuric acid is injected into the rotating drum of the 
centrifuge containing the nitrating material and the sulfuric acid 
subsequently displaced by water. 

Sulfuric acid being by volume less expensive than mixed 
nitrating acid, A. Cocking takes advantage of this fact' in an 
attempt to reduce tHt cost of operating the displacement process. 
The pertinent points in his patent are to run in sulfuric acid con¬ 
taining about 2 % nitric acid onto the nitrated cotton as soon as 
the nitrating acid has been drained off, no water being admitted. 
After the sulfuric acid has uniformly saturated the nitrated cotton, 
it is gradually replaced by water as in the original process, a larger 
volume of more concentrated spent acid lieing thereby obtained. 

Th» method is shown in Fig. 175, a charge of cotton, pref¬ 
erably thoroughly disintegrated is placed on the false bottom b 
of the vessel a, which contains the nitrating acid. After some 
hours, sulfuric acjd containing 2 % HNO 3 is nm in at the funnel d, 
and the nitrating acid removed at the tap e. The nitrocellulose 

1. Zts. Schiess. Spreng. lOl.T, 8, IK); abst. C, A. 7, 1974. 

2. Arms and Explos. 19i:i, 21, 37; abst. C. A. 1913, 7, 1610. Sec also 
Courtois-.Suffit. Mem, poud. salp. I9i2, 16, 87. 

3. D. R. P. 200292, llKHi; abst. Zts. ang. Chera. 1908, 21, 18S4; J. S. 
C. I. 1908, 27, 961; Mon. vSei, 1911,75, 93; Chem, Zentr, 1908, 79, II, 569; 
Chem. Ztg. Rep. 1908, 12, 445; Wag. Jahr. 1908, S3, I, 432; Zts. Schiess. 
.Spreng. 1908, 3,335. 

4. E. P. 16676, 1900; abst. J. S C. I. 1907, 26, 717; C. A. 1908, 2, 
2181, 2197. 
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is preferably put under considerable pressure by means of the 
plate c, duvng the displacement of the nitrating <acids. When 
the latter has been displaced the tap e is closed, water is run into 
the plate c through the* central pipe /, the sulfuric acid being 
drawn off at the cock g at the same rate as the water enters, and 



Kk;. 175. —CocKiN(; Method or Acid Disi'lacemicnt 


part can be again used. 'I'he nitrocellulose is finally heated with 
water to boiling, but the residual acid may be first neutralized 
by a weak alkaline solution. In a modification of this process, 
the nitrocellulose 4iftcr displacement of the nitrating acid, is 
treated in a centrifugal. 

It has long been known that the air, in the cotton filament 
canal offers a certain appreciable resistance *to the penetration of 
the acid, and it has been reasoned that removal of that air from the 
individual fibers would result in a more uniform nitration and 
more stable ester. The mechanics of this reason has been em¬ 
bodied iti. a recent patent, where the nitrating vessel is cylindrical 
in form and provided with an air-tight cover. Two acid reser¬ 
voirs which can be either evacuated or placed under pressure are 
connected with the nitrating vessel. .The pipe from oBy enters 
the bottom of the nitrating vessel, passes up the center, and 
delivers its acid at the bottom of the vessel just beneath a per¬ 
forated false bottom. The cotton having befti placed in the 
vessel, air is withdrawn from it by evacuating one of thg acid 
reservoirs. The cock communicating with the other reservoir 
is then opened, the acid flows into the evacuated nitrating vessel, 
and is allowed to continue when the cock is closed and the acid 
which has been in contact with the cellulose sucked off into the 
other reservoir. ITiis process is alternately repeated, the advan¬ 
tages claimed lieing that a very much more uniform nitration of 
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the c'cllulosf is thus obtained, and without additional laboi*. 

J. Arnoti' has described a means for effecting the.distribution 
of separate delivery of liquids according to their varying specific 
gravities, in consequence which the liquwl when of greater sjx-cific 
gravity is caused to aet upon a float so as to keep Ae passage 
open through which liquid is to pass, but when the- liquid is of 
the lower sp. gr. it will not sustain the float which then closes 
the passage, and the liquid of lower sp. gr. flows through the 
opening provided for it. 

Tlic apparatus has been more especially designed to allow 
spent acid from the manufacture of nitrocellulose by the 'I'hotnson 
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process to run off from the nitrating pan into the waste acid main, 
and when the sp. gr. of the spent acid has reached a desired point, 
to automatically divert the acid to the waste water drain pipe. 
The waste acid ivftvr passing to the outlet cock enters a box at 
the bottom, at the top of which box a pipe leads out horizontally, 
at the end of which is a vertical down pipe terminating over 
the opening to the acid main, as shown in Fig. 11!). Opening 
out through the bottom of the branch pipe li is a run-off tube, D, 
extending up beyond the opening e in the acid main E. 

The operation of the process is as follows: On opening the 

1. K. P. 126.17.'), 101!); abst J .S. C. I. 1010, 3t, 4S8-A. 
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cmtlet cock from the nitrating pans, the strong acid flows into the 
box A, and, when this has reached a sufficient height, acid will 
flow along the pipe 6 and will cause the float F tt) rise from off 
the top of the run-off tiflje D, and will (as long as the sp. gr. of 
the acid is»sufficiently high) buoy up the float, thus enabling the 
acid to pass through the tube D, into the acid main E, through 
the opening c. As the liquid does not rise in tlfe sight glass C 
to the level of the bend of the siphon (7, the latter does not act 
and hence no liquid then passes through it. 

When however, the sp. gr. of the liquid has fallen to a degree 
at which it will not run into the acid main E, but will run into 
the waste pipe H, the float F sinks and closes the'top of the run¬ 
off tube D. The level of the acid then rises in the sight glass C, 
and in the siphon (7, until the latter operates, which it continues 
to do until the liquid is drawn from the box A, and the nitrating 
pans are drained. As the level of the liquid of lesser sp. gr. in 
A should preferably be reduced below b as quickly as possible to 
prevent escape from the sight glass C, then G should be of suffi¬ 
ciently large bore to effect this. 

In the method of E. Callcnberg' the water replaces 
the nitrating acid gradually by displacement. I'lie process 
is especially applicable for the mamifacttire of nitrocellulo.se 
filtering cloths, the latter, in pairs, being separated from each 
other during the acid removal washing process, by means of 
plates of an acid resisting material (aluminium). This facilitates 
the nitration, and also the subsequent washing without disin¬ 
tegration. 

The Dupont Mechanical System of Cotton Nitration.* 
This method, developed at the du I’qjit plant at Haskell, New 
Jersey, has been widely used in the United States during the 
war for the nitration of cotton especially for military purposes. 
This is a three-floor system in which the nitration is carried on 
in pots, the material of which is then poured into centrifjjgals 
from whieh the acid is run. The arrangement is shown in Figs 
177-181.’ The dippers are located on the upper floor and the 

1. D. R. P. 19165(); abst. Wag. Jahr. 1907, 53, II, 430; Chem. Centr. 

1908, 78, 1, 182. , 

2. Acknowledgment is made to the courtesy ot E. I. du Pont de 
Nemours & Co, and to R. G. Woodbridge, Jr., chief of the Chemical Depart¬ 
ment for data and photographs in connection with this topic. 

3. Fig. 177. Interior Nitrating House, dipping floor partly dismantled 

• I 
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the c'cllulosf is thus obtained, and without additional laboi*. 

J. Arnoti' has described a means for effecting the.distribution 
of separate delivery of liquids according to their varying specific 
gravities, in consequence which the liquwl when of greater sjx-cific 
gravity is caused to aet upon a float so as to keep Ae passage 
open through which liquid is to pass, but when the- liquid is of 
the lower sp. gr. it will not sustain the float which then closes 
the passage, and the liquid of lower sp. gr. flows through the 
opening provided for it. 

Tlic apparatus has been more especially designed to allow 
spent acid from the manufacture of nitrocellulose by the 'I'hotnson 
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process to run off from the nitrating pan into the waste acid main, 
and when the sp. gr. of the spent acid has reached a desired point, 
to automatically divert the acid to the waste water drain pipe. 
The waste acid ivftvr passing to the outlet cock enters a box at 
the bottom, at the top of which box a pipe leads out horizontally, 
at the end of which is a vertical down pipe terminating over 
the opening to the acid main, as shown in Fig. 11!). Opening 
out through the bottom of the branch pipe li is a run-off tube, D, 
extending up beyond the opening e in the acid main E. 

The operation of the process is as follows: On opening the 

1. K. P. 126.17.'), 101!); abst J .S. C. I. 1010, 3t, 4S8-A. 
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the present time, the following description applies in particular 
to the nitration of cotton for pyronitrocellulose for use in military 
smokeless powders, and may be considered as typical. 

'fhe mixed acids art prepared for use in a Mix and Weigh 
House con\aining several scales and spent accumulation tanks. 
The spent acid is usually pumped into the scale^tanks direct from 



Fio. 179.—DuPont Mbchanical Cotton Nithation 


the nitrating house, the accumulation tanks being used far stor¬ 
age of any excess of spent acid over that required to prepare the 
mixes. The spent qcid is fortified by adding the proper calcu¬ 
lated weights of fuming sulfuric acid and a mixed acid high in 
nitric. The mix is then agitated, sampled, and if found satis¬ 
factory by analysis is run through the warming house tanks, 
where the acid is brought to the proper temperature by means 









Fic. 180 .—Nitrating House, Dipper Floor 
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of steam or water in coils inside the tank or running water on the 
outside. From the warming house the acid is. pumped to the 
measuring tanks on the dipper floor of the nitra'ting house. 

A standard nitrating house contains 9 units consisting of 
a total of 36 mechanical dippers and 9 centrifugal wringers. On 
the third or monitor floor are the motors driving the wringers. 



Fio. 181.— DuPont Mechanical Cotton Nitration 


'fhe dippers and measuring tanks are located on the second 
floor, one measuring tank to each unit of 4 pots. The ifringers 
are on fhe ground floor, and the drowning basins, fume lines, 
etc., are located in* the basement. The dry cotton is received 
on the dipper floor from the dpf house in cans on a telpherage 
car. About 35 lbs. constitute a dipper charge, with about 1500 
lbs. mixed acid. In dipping a charge the fume line from the top 
of the pot is opened, the agitators started, and^about one-third 
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[){the acid run in. A more uniform wetting of the cotton results. 

The cotton is then added while the acid continues to run in.* 
Care is taken to break up any lumps of cotton, and fhe flow of 
icid is controlled so that the cotton is charged before all the acid 
is in. After 2.) minutes, nitration is consifiered complete and the 
charge is dropped through the Universal adapter line* into the 
wringer. The wringers are 42' in diameter and perforated. A 
valve plate which fits around the wringer shaft is u.sed to close the 
opening in the base of the basket through which the nitrocellulose 
is discharged. To protect the operator from acid spattering 
while charging the wringer, and to maintain suction and prevent 
foreign material |rom getting into the wringer during the opera¬ 
tion, there is provided two aluminium covers over the wringer 
lop. In charging, the machine is run on low speed, the pot 
valve on the (>" adapter line opened, and the charge run into the 
basket. The valve is then closed, the wringer put on high speed, 
and the charge run for 3‘/2 minutes. The power is then shut off, 
the valve plate is raised, and the charge forked down into the 
drowning basin, where it is submerged in water and carried by 
gravity to the pump house, from which it is pumped to the boiling 
tub house. 

The spent acid flqws by gravity from the wringers through 
filters to remove any nitrocellulose and then to the storage tanks, 
from w’hich it is pumped to the Mix and Weigh House, 'fhe 
same acid is used as for the regular eentrifugal method of nitration, 
and the same proportion of acid to cotton, i. e., 50 to 1, breaks 
up the cotton uniformly and tends to maintain a uniforhi tem¬ 
perature during the nitration period. The nitration in genera? 
gives a product a few hundredths of a per cent, higher in nitrogen 
than the regular centrifugal method and, under the same acid 
conditions, this would seem to indicate a more thorough nitra¬ 
tion with less unnitrated cotton. 

A. du Pont and J. Thompson,' have described an apparatus 
for nitrating cellulose, comprizing a rotating platform, a plurality 
of equi-spaced nitrating vessels each hav'ng a perforafed false 
bottom and pivotally mounted around the circumference of the 
platform, a valve-controlled outjet from the lower portion of 

1. V. S. P. 979560, 1910; abst. C. A. 1911, 5, 99.3; Mon. Sci. 1911, 
7S, 107; Chem. Ztg. Rep. 1911, 3S, 159. 



,each vessel and fixed devices to open and close the valves at differ¬ 
ent points in the rotation of the platform, an ^id measuring 
receptacle\)eing centrally mounted on the platform and supplying 
acid to the nitrating vessels successively. In (he N. Kaltenbach 
process,' for the con.stAction of cellulose nitrating chambers, the 
several swinging nitrating pots are arranged in a chamber pro¬ 
vided with control and working towers, whic^ have only upper 
and lower openings for the entrance, all acid in the air is blown 
into the working chamber, so that the nitrous fumes are con¬ 
stantly drawn off by this air current and cannot reach the work¬ 
ing man upon opening the tower. A car within the chamber 
empties the nitrated cellulose and carries it to t\)e centrifuge from 
which the material is delivered into the working chamber by 
hydraulic action. In the G. Fussell system,* the apparatus 
comprizes a casing with the continuous acid-receiving gutter at 
its bottom, a perforated basket rotatably mounted in the casing 
above the acid receiving gutter, and spaced a slight di.stance 
away from the walls of the casing, and a rotatably mounted hollow 
.screw within the basket. One edge of the screw below the thread 
is cut away to form an opening for the passage of the cotton which 
is then sent upwards by the action of the screw. In another 
recent arrangement for centrifugal nitratiqn of cotton, the above 
centrifugal is affixed to iron, rollers tilted so as to drain into 
the wringer. After centrifugal wringing, the nitrocotton is 
put through these rollers which squeeze out an additional amount 
of acid. By separating in this manner, the acid in the 
nitrating cotton will, in some instances, be reduced to as low 
as 20%. In the nitrocellulose centrifugal separator of F. Ma- 
taousek* and shown in Fig. 182, the material to be separated, 
e. g., a mixture of nitrocellulose and nitrating acid, is- fed from 
the rotating hopper 20 , through the corrugated outlet, 22 , which 
can be closed more or less by the corrugated cone 2(5, into the 
bowl i6, which is provided with a perforated spiral corrugation 
ig. The liquid is discharged through the perforations ilito the 
inner casing 2 , and the solid portion is discharged over the lip 

1. F. P. 453588, 1913; abst. C. A. 1914, I, 251; J. S. C. I. 1913, S2, 

768; Chem. Ztg. 1913, 37, 557; Chem. Ztg. Rep. 1913, 37, 572; Kunst. 1913, 
3, 418. <■ 

2. U. S, P, 1296280, 1919; abst. C. A. 1919, 13, 1633; J. S. C. 1. 1919, 
3$. 390-A 

.3. ij. P. 118262, 1918; abst. J. S. C. I. 1918, 37, 637-A. 
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of the bowl i6, into the annular !>pacc between the easings i an^ 
2 . Means are provided for flooding or flushing out both the 
feed hopper and the bowl with water. ^ 

Other Nitration Methods. H. Diamanti, H. Champin and 
P. lyoisif, have patented a process for tfie 'manufacture of nitro¬ 
cellulose whereby the acids arc either partially or, completely 



Fig. 182—ThS F. Matousek Nitrating 
Crntrifugai, 


renewed during the process of nitration, continuous circulation 
being also employed. The process is said to be applicable to 
nitrating vessels of all descriptions, and the composition and 
temperature of the mixed acid is thus kept constant.* 

An improvement on this apparatus has been devized which 
1. F. P. 377425, 1906; abst. J.*S. C. I. 1807, 2C, 1066. For the dis¬ 
cussion of the kinetics of nitration consult H. Martinsen, Zts. physik. Chra. 
1904, SO, 386; 1907, SS, 605; abst. Chem. Centr. 1905, 7S, I, 438; 1907, 71, 
II, 1496; J. S. C. I. 1908, 27, 139. The G. Simpson formula for the nitration 
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consists of a battery ol nitrating vessels placed in a polygonai- 
shaped chamber and intended especially for carrying out the 
process de^tribed above.' The method is illustrated in the 
accompanying figure (ISO), which are sections of one of 



of photographic collodions is given in Year Book Pharm. 1870, .11. Soc, 
Anon, de fabrication de dynamite, F, P. 127843, 1878; abst. Mon. Sci. 1879, 
21, 1047. D. R P. 201023, 228.544; abst. C. A. 1911, 5, 2011; Chem. Zentr. 
1908, 79, II, 1218, 1910, 81, II, 1093; Chcm. Ztg Rep, 1908, 32, 574; 1910, 
34, 01.5; Chem Zts. 1909. 8, 1133; Jahr. Chem. 1905-8, II, 1500; 1910, 63, 
I. 410; Wag. Jahr. 1908, 54, II, 20; 1910, 56, I, 026, Zts. ang. Chem.»1908, 

21, 2470; Zgs. .Sehiess. Spreng 19f)8, 3, 395. 

1. F. P. 379,509, 1900; abst. J. S. C. I. 1907, 26, 12.50. The C Mitchell 
process of eotton nitration (Amer. J. Pharm. (4), 2, 241; abst. Bull. Soc. 
Chim. 1872, 18, 373; Mon. Sci. 1874, 16, 382; Poly, Notiz. 1873, 2t, 96; 
Phot. Archiv. 1873, 12; Poly, Centr.,1873, 39, 593; Eisner Mitth. 1872-3, 

22, 49; Pharm. Trans. (3), 2, 1047; Chem. Centr. 1872, 43, .554; Jahr. Chem. 
1872, 25, 984. Sec also Zts. allg. oester. Apotheker-Vercins, 1875; abst. 
Indbl. 1870, 2;t5; Chem. Tech. Rep. 1875, 14, II, 217) is adapted to the pro- 
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the nitrating vessels and its accessories. The nitrating vessel 
A, of earthenware, is closed at its lower end by a^lug /•', pro¬ 
vided with a long handle terminating in a hook. The nitrating 
acid enters the pot through the opening*/,•!)>• turning the cock ./. 

A glass tube, /\, allows the rate of flow to be obsAved. The 
vessel can, if necessary, be emptied by turning the edek ,/'. The 
vessel being filled to the required level with acid, a charge of 
cellulose is introduced through U and kept pressed down by the 
perforated plate H. When nitration is complete the cock J 
is turned and the spent acid displaced by fresh acid and forced 
through the opening N, into the tube 0, leading to the acid 
re.servoir. The strong displacing acid is then shut off dnd the 
plug /•', raised by means of a lever; the acid and nitrocellulose 
passing by the inclined pipe P. to a perforated funnel. The 
bulk of the acid flows through the perforations and away to the 
acid storage tanks, while the nitrocellulose, with adherent acid, 
passes through the stem of the funnel to the centrifugal machines. 

A current of air at any desired tenii)eralnrc can be introduced 
into the compartment containing the nilratmg vessel by the 
o|)ening 1' and discharged at the exit /. 

.\ccording to p.atents issued in various countries to C'.. de 
Briailles, nitrocellulose may be produced by electrolyzing a mix¬ 
ture of concentrated sulfuric acid and strong nitric acid in the 
presence of cellulose,' I'lic acids are stated to be thus elcctrolyti- 
cally concentrated. The glass \essel, shown in 1S1 has a 
glass valve, p, a jtorcelain shelf, 12 , with cellulose oh top of 
it, platinum or gilded platinum electrodes, 16 and //, a ther¬ 
mometer, 14 , and a micrometer in a vertical perforated glass 

diietion of a perfectly soluble pyrosyliii for pliotograpliic use The Nichol 
process (Phot News, Jau IKfig; abst Itep Chiiu At>pl lSfl2, 4, 117; ^ 
Phariii J Traits. 2, t.'iK) is similar 

1 JJ. P. 2!K)2, KllXi, abst J S C 1 1!H)7, 2S, 111, C. .t 1<MI7, 1, 

Belg P. 1S97S2, UtOO D R P 20,'i377, ItKlIi, abst Jahr Cheni. 1905-8, 
!)74; Wag Jahr 1908, 1, tllO, ZLs. aug Chem 1908, 21, 2:107, Chem Zentr. 
1908,11, 184:j; Chem Tech Rep 11X18, 32, (i.'il, Chem Iiid 11X18,31,716; 
C. A 1909. 2, 718. F. P. HW.Ml), 1906, abst C. A. 1907, 1, 2;12«. J. S, C. 1. 
1906,25,911. U.S. P 874564, 1907; abst. J S C. I 1908,27,92 For the 
action of acetyl nitrate as a nitrating agent (made by the action of nitric an¬ 
hydride on acetic anhydride), see A, Pictet, D. R. P. 200201, 1907; abst. 

J. S. C. I. 1908, 27, 988; Chem. Zewtr. 1908, 79, II, 552; Chem Ztg. Rep, 
1908, 32, 434; Jahr Chem 1905-8, II, 359; Wag, Jahr 1908, 54, II, 15; 
Zts. ang Chem. 1908, 21, 2103,Zts Schiess. Spreng. 1908, 3, .334; Fricdlaender, 
9, 70. A. Stcttbacher, Die .Seife, 1919, 3, tXI9, abst Chim bid, 1920, 3, 
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cylinder. The anode id is close to the porcelain shelf. The 
immersed cellulose is nitrated in from three to four hours, but 
the temperature must lie between the limits 30* to 40°. The 
nitrous acid necessarily* produced at the cathode is stated to 
assist in the hitration of the cellulose. It is claimed the same 
mixture of acids can be used for an indefinite Jength of time, 
except that part of the nitric acid which combines to form nitro¬ 
cellulose. Washing is effected by 
removing the acid pipe and acid 
suction pump, and further, the 
cellulose can be .squeezed by means 
of the porcelain piston i8 passing 
through the flexible India rubber 
stopper ip. Water is then fed into 
the apparatus through the tube 8 
and then withdrawn. The recep¬ 
tacle is then opened and the nitro¬ 
cellulose further washed in the air. 
Before nitration of the next lot of 
cellulose the moisture left in the 
vessel is carefully removed by 
pumping. It is claimed for this 
method that the degree of nitra¬ 
tion may be readily controlled by 
operating under constant conditions 
of concentration of acid, tempera¬ 
ture of reaction, and time of nitra¬ 
tion, this constancy being main¬ 
tained by passing through the react¬ 
ing solution an electric current of 
three to four volts, whereby the water 
formed in the reaction is decomposed and the'liberation of heat 
which would accompany the dilution of the acid thereby prevented. 

In tlie method of nitration in vacua as outlined by L- Du- 
mons,' the cotton is placed in a perforated basket which is enclosed 
in an iron casing provided with an aluminium lid. A pipe with 
a cock delivers the mixed acid for nitrating through the top of 
1, F. P. 445833, 1912; abst. J. S. C. I. 1912, 31, 12a3. B. P. 14003, 
1913; abst. J. vS. C. I. 1914, S3, 222; C. A. 1914, 8, .3800; Chem. Ztg. 1913, 
37, 968. Belg. P. 257404, 1913; abst. Chem. Ztg. 1913, 37, J026. 



Fifi. 184.— BRuaLBs Electro¬ 
lytic Nitration Method 
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the casing, and a pipe provided with a cock leads from the bottonf 
of the casing to a tank which can either be exhausted or placed 
under the pressure of compressed air. The upper cock being 
closed, the whole apparatus and the lowt‘r*tank are exhausted. 
The cock on the acid supply pipe is then opened and* a stream 
of acid flows through the cotton in the perforated basket and 
into the tank below, where it can be revivified, pumped up again 
into the upper supply tank and passed once more through the 
cotton. Wlien nitration is completed, the perforated basket 
is removed to a centrifugal and the excess of acid expelled. 

It is claimed that this process, in view of the exhaustion of 
air from the cotton fiber and the large quantity of mixed acid 
used, produces a more highly nitrated and uniform product than 
is obtained by the usual methixls. 

In an improvement of this process which admits of nitrating 
cotton in vacuo,' the bottom of the nitrating ve.sscl is connected 
with a three-way cock by means of which it can be connected 
with one or other of two receivers. By means of a four-way 
cock, which is operated in unison with the three-way cock, each 
of these receivers can be connected alternately with a suction 
device and with a sujjply of compressed air. The nitrating acid 
flows from a high level reservoir into the nitrating vessel and 
thence into each of the low level receivers in turn, whence it is 
raised by the compressed air again to the high level reservoir. 

In the preparation of nitrocellulose as described by the , 
Vereinigte Kunstseidefabriken, A. G.,* and intended primarily 


. dated Feb 14, 1«14, "T 
bst. J. .S. C. r. 1915, 


1. First add. 
to F. 1>. 445833; abst. 

34, 101. 

2. Vereinigte Kun.stseidefabriken. A. 
G. and K. Schnitcr, F. P. 45.5011. 1913; 
abst. C. A. 1914, «, 424; J, S. C. I. 1913, 
32, 886; Ktmst. 1913, 3, 436; Chem. Ztg. 
Rep. 1913, 37, 605. ». R. Anm. V-10703, 
1912, U. S. P. 1093012,1914; abst, C. A. 
1914, 8, 2062; J. S. C. I. 1914, 33, 569, 
.Swiss P. 63365, 1913, Belg. P. 254537; 
abst, Kunst. 1913. 3, 355. E. P. 5563, 
1913; abst. J. S. C. I. 1914, 33, 161; C. A. 
1914, 8 , 2949. 

In the apparatus described in Fig. 185, 




d4^Jyl.2i, 


a is a vessel provided ivith a removable 
lid, in which vessel the nitration takes 
place. An outdow pii)e, b, is provided 

fjelow leading to a^puinp c, from which a pii>c c\ passes to discharge the 


185.—The Schniter Cot¬ 
ton Nitration Process 
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to obviate or minimize the tendency of cotton during nitration 
to "fume %ff,” or burn, the cellulose is nitrated In vessels with 
perforated bottoms, the acid being circulated'by means of a 
pump. After nitrati«n*is complete the acid is allowed to drain 
off and tRe nitrated product washed with cold acid from a pre¬ 
vious operation. Wlien the nitrocellulose has,thus been suffi¬ 
ciently cooled, the acid is separated and the treatment continued 
by the usual methods. The patentees claim that by this method 
of treatment spontaneous decomposition of the nitrocellulose is 
entirely eliminated, and the process apparently has distinct ele¬ 
ments of merit. 

In an uninterrupted process of cellulose nitration as devized 
by C. Crepelle-Fontaine,' the cellulose is charged into the nitrat¬ 
ing fluid in a counter-current and simultaneous change of direc¬ 
tion through a U-shaped canal, which includes in its vertical 
parts a container for the liquid in which transporting members 
always retain a horizontal position, and which carry tlie cellulose 
in such a manner that during its movement through the canal, 
first from the bottom upwards, then from the sides and lastly 
from the top downwards, a uniform nitration results. 

With the idea in mind of producing^ a nitrocellulose more 
uniform in its character and qualities than any heretofore pre¬ 
pared, J. France^ has been granted patent protection for a proc- 

liquicl into the cells rf, arranged within the vessel a, containing the material 
to be nitrated The bottoms e of these cells are perforated The appa¬ 
ratus is resistant to acid and does not allow the acid to escape When 
the pump c is started the acid from the vessel <i is forced by the 
pump through the pi|)c c', on to the cotton in the cells, penetrates there¬ 
through^ and runs back into the vessel a, through the perforated bottoms 
e, the circulation of acid being continued while the pump is in operation 
When the nitration is completed, the pump c is shut off and the acid m 
the cells d is allowed to run off. As soon as this is done, the cooled aei<l 
from an earlier operation is allowed to drop from a second contai.icr, F, 
over the nitrated material until the latter has been sufficiently cooled. The 
material is then centrifugali/.cd from the acid and further treated in the 
usual manner 

1 D. R I>. 2;i(110;i, lillO; abst. C. A. 11)12. 6 , 2109; W.ag. Jahrt 1911. 
57, 1, 477rZts. ang. Chem. 1911, 24, 2281; Chem, Ztg. Rep. 1911, 35, .Wli; Zts 
Schicss. Spreng 1911, 6, 474 D. R P. Application C-1917;L 1910 F, P, 
397707, 1908; abst. Chejn. Ztg. 1909, 33, 341. Sec J Beniadou, F P. 307918, 
1901; abst. Mon. Sci. 11)02. m, 1.38. 

2. E. P. 17692, 1888; 20904, 1889 ; 5364, 1890; abst. J. S. C. I. 1889. 
8, 160, 303; 1890, 5, 821. U. S. P. 420445, 420446, 420447, 1890; abst. 

I. A. C. S. 1890, 32, 22. D R. P. 50921; abst. Chem. Tech. Rep. 1890, 
29, I, 113; Ind. Bl. 1890, 294; Bcr. 1890, 23, 475; Chem. Centr. 1890, 
61, U, 31, Tech, Chem. Jahr. 181K), 13, 1.54. Wag. Jahr. 1890, 36, 1178 
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Kifi. I8(!. -Kranci: Mktiiodor Cotton 

CoMMlNl'TION 


ess whereby ordinary raw cotton, in whicH the natural impurities 
have not bien removed, is finely comminuted and in this con¬ 
dition directly^introduced into the nitrating bath. Brfore nitrat¬ 
ing the product is repeat¬ 
edly washed, but not with 
the addition of alkali or 
other material intended to 
emulsify the natural wax 
of the cotton, h'ig. ISli shows 
a side elevation of the ma- I 
chine designed to cut up 
this cotton. TJie natural 
cotton is fed along an end¬ 
less band, A', through rollers 
li and A", and over a knife, 

A'. The cotton is held over 
the knife by pivoted clamps 
( ', which receive a recip¬ 
rocating motion from a cam on the shaft S", the same motion 
also actuates the pawls of the feed ratchet wheel K". The 
knives A' are mounted on a wheel IT, driven by the spur 
wheel (i. It was found, however, that the homogeneous, 

dust-like, mechanically comminuted cotton fiber, although 
nitrating readily and uniformly, was in such a fine .state of sub¬ 
division that the yield was not only materially reduced, but the 
spent acid contained so much cotton in solution and in suspension 
that the process commercially was not feasible. ’ 

The process of ,S. Mackic,' I'ig. IS7, is somewhat similar 
to that o| France, in that the cotton is treated with acid to con¬ 
vert it into guncotton in the tank r, the cotton pulp being de¬ 
livered from the hopper a by spiked roller h, the acid entering 
through the pipe d. 'Hns causes the cotton to fall on to the 
grating c, where Tt is immersed by the wheel /, propelling it 
towards the outlet g, from which outlet the material is fed into 
digesting pots in the usual manner, a number of which, for con¬ 
venience, are mounted in a cradle so that they can be transported 


P. Berard (E. P. 1883. 1857. F. P. 18E67; abst. Mon. Sci. 1888, 1041; Wag. 
Jahr. 1868, 14, 358) was the first to powder cotton for facility of nitration. 
I. E P 445, 1873; abst. Chem. News, 1873, 2t, 192. 
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by an overhead crane to the cooling department. The cotton 
is freed from acid in the usual manner by a hydro-extractor or by 
pressing rollers, after which it is wa.shed. . ■ 




G. Wolf' recommends the 
following process for the prepara¬ 
tion of a pyroxylin which is said 
to yield with ether-aleohol a per¬ 
fectly clear and colorless solu¬ 
tion: 20 parts of crystallized 
potassium nitrate are triturated 
in a mortar; 36 parts of "sulfuric 
acid of .specific .gravity 1.84 arc 
added, and when the mixture has 
cooled, one part of cotton is in¬ 
corporated in such a manner that 
the latter will be uniformly im¬ 
pregnated. After ten minutes 
the nitrated cotton is placed in a 
laterally perforated funnel, which 
is dipped in water and washed 
until the latter ceases to acquire 
an acid reaction. This is some¬ 
what similar to the method of 
J. Bicnert,’’ who operates with a 
mixture of six parts of sulfuric 
acid of specific gravity 1.84 and 
three parts of nitric acid of specific 
gravity 1.41 to 1.42, and when 
the mixture has cooled tp between 
20° t6 25°, one part of cotton is 
introduced, which is thoroughly 
stirred and set away at room tem¬ 
perature for a period of 24 hours. 


Fio. 18^. — Mackie's Process for The end of the nitration ^riod 
Cotton Nitration is indicated by the change of the 

parchment-like appearance of the cotton and by its becoming 

1. Proc. Am, Phar. Assoc. 188?, 31, 242; Amcr. J. Pharm. 1883, 273: 
Pharm. Zts. Russl. 1883, 22, 4; Jahr. Chem. 1883, 16, 1779. 

2. Zts. Pharm. 22, 4; abst. Jahr. Chem. 1883, 36, 1779. Product 
called coUoxylm. 
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soft again, but it is advisable to ascertain its solubility before 
the final washing process takes place. 

It is evident that these two processes are primaffly intended 
for the manufacture of pharmaceutical collodions in small amounts, 
and where the element of cost is not the ^rWomiiiating factor. 

W. Godeffray has determined that collodion cotton which is 
rapidly and perfectly soluble may be obtained by immersing 3.^ 
parts of absorbent cotton previously deprived of fat by heating 
with a solution of sodium carbonate, tlie cotton being introduced 
into a mixture of 700 parts sulfuric acid and 350 parts of dry potas¬ 
sium nitrate at 56° for a period of seven minutes. The nitrated 
product is then transferred ^ isrge container filled with hot 
water and finally thoroughly washed in a current of cold water 
until the acid is completely removed. It is claimed that longer 
exposure to the nitrating mixture does not dcleteriously influence 
the quality of the collodion cotton, but it is also evident that 
continued immersion in the acid mixture at this high temperature 
must result in a increase in fluidity and in solubility of the final 
nitrated product.' 

A patent has been granted to A. Viswinkel for a process 
for the direct manufacture of gelatinized nitrocellulose in which 
ordinary fat-free, dry, cellulose is treated with a mixture of equal 
parts zinc chloride solution, acetic acid and fuming nitric acid 
at a temperature of 10° to 15°. Acwrding to the patent descrip¬ 
tion, the mass gelatinizes within a few days and can be readily 
washed from acid to a neutral condition. 

It is evident that a cocton nitrated in this manner must have 
a low stability and a fluctuating solubility and viscosity.’ 

The,Patronenfabrik, .Saxonia, have received patent protec¬ 
tion in Germany and in England for a process of nitrocellulose, 
nitrohydrocellulose and nitrooxycellulose manufacture which is 

1. Proc. Am. fharm. Assoc. 1877, 25, 28.S: Zts. Oesterr. Apoth. Ver. 

1877, 709; abst. Year Book Pharm. 1877, 241; Poly. Noth. 1877, 32, 167. 
In the T. Best process (E. P. 15121, 1884; abst. Wag. Jahr. 1885, 32, 1149; 
1886, 32, 1004; J. S. C. I. 1885, 4, 751) ceUulosc, after treatment,with nitric 
and sulfuric acids, is bleached by saturation with SOj at 100° P. in a closed 
vessel. , 

2. D. R. P. 74070; abst. Jahr. Chem. 1894, 1134; J. S. C. I. 1894, 
U, 1134; Wag. Jahr. 1894, 495; Zts, Chem. 1894, 7, 307; Chem, Centr. 
1894, 55, I, 1168; Chem. Ztg. 1894, B, 612, 1090; Chem. Tech. Rep. 1894, 
It, I, 239; Chem. Ind. 1894, 17, 512; Ber. 1894, 27, R, 537; Tech. Chem. 
Jahr. 1893-4,1$, 165. 
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c'liaracterized by a treatment of cellulose with concentrated 
sulftiric acid at a low temperature untiUhe mo^hological struc¬ 
ture of the^cotton has entirely disappeared, Aen nitration is 
carried on with about the theoretical quantity of nitric acid.’ 

In a sul^scqiwnt dJjjflication,^ attention is called to the fact 
that in the*u.sua/ process of cotton nitration by immersing cotton 
fibers free from fat in a mixture of nitric and sulfuric acids and 
subsequent removal of the acid by long boiling, washing and pulp¬ 
ing, the nitrocellulose obtained as a result of the process retains 
the structure of the crude fiber. On the assumption that this 
nitration process is irrational and complicated, and a long and 
tedious operation, especially true as regards the fomminution or 
pulping process, repeated efforts have been made to simplify and, 
if possible, to unite the two operations into one. It has especially 
been tried to carry out the comminution operation before nitra¬ 
tion, as in the patented process of J. France, on the assumption 
that a higher nitrated product of greater uniformity of composi¬ 
tion would thereby be obtained. 

In the process of this application the above enumerated 
drawbacks arc clafined to be substantially eliminated, as the 
pulping and nitration operations arc carried out simultaneously 
and the nitration of pulverulent material is tjjcrcby avoided. 

The process as described is carried out in the following 
manner: 

The crude material is placed in concentrated .sulfuric acid 
and stirred up to a paste or semi-solution. The nitration is carried 
out with' the theoretical amount of nitric acid, or an amount 

1. Bdg. 17^77.'!, 1904. li. P. ,'•.120, 1904; abst. J. S C I. 1904. J3, 
rm-. Chem, Ztg. 190,'i, 29, 7ol E. P. ;i40r.27, 1904; abst. J. S, C. I. 1904, 
33, 8;t7; Chem. Zts 1904, 3, 021. Mon. .Sci. 190.S, 63, 80. It S 860776, 
1907; akst J. S C. 1. 1907. 26, 991; C A. R)07, 1, 3004; Mon. Sd. 1908, 
69, 00; Zts. Schiess Spreng. 1908, 3, 18; Chem. Ztg. Rep 1907, 31, 474. 

L). R. P. Appl V-486r.. D R. P 198284, 1903; abst. Chem. Centr. 1908, 
79, I, 1912; J. S. C. I. 1908, 27, 8.17. Mon. Sci. 1911, 75, 63; Chem. Ztg. Rep. 
1908, 32, 28;i; Jahr. Chem 190.3 8, 11, 973; Wag Jahr. 1908, 54, I, 430; 
Zts. ang. Chem. 1908, 21, 1001; Zts. Schiess. Spreng. 1908, 3, 214. 

2. Patronenfabrik and A. Voigt, D R. P. Appl. 53,58. D. R. P. 
249272, 1907; abst C. A 1912, 6, .3330; Zts. ang. Chem. 1912, 25, 1878; 
Wag. Jahr. 1912, 58, I, 428; Chem. Zentr. 1912, M, II, 402; Chem. Ztg. 
Rep. 1912, 36, 494. U. «. P. 85,5869, 1907; abst. J. S. C. I. 1907, 26, 780. 

11. S. P. 860776, 1907; abst. Mon. Sci. 1908, 69, 60; Zts. Schiess. Spreng. 
1908, 3, 18; Chem. Ztg. Rep. 1907, 31, 474; C. A. 1907, 1, 3064. E. P. 
3788, 1914. See also A. Voigt (E P. 5126, 1904; abst. Chem. Ztg. 1905, 29, 
751; J. S. C. I. 1904, 23, ,560) who nitrates cellulose by dissolving in sulfuric 

. acid at 2-3 concentrated nitric acid being then added. 
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slightly in excess of the theory. The quality of the finished pi^* 
uct is influeifbed and the yield is guided by a variation of the 
temperature and concentration of the reacting acids. By modi¬ 
fying both of these conditions, higher oi»l<»ver nitrated products 
may be obtained which are soluble or insoluble in ether «r aU-ohol, 
or mixtures of them, depending upon the amount bf nitrogen 
which is introduced into the cellulose molecule. The addition 
of the sulfuric acid to the cotton takes place at a low tem|K'rature. 
the nitric acid being added, with cooling, after the cotton struc¬ 
ture has apparently been entirely destroyed. The nitro prixlucl 
is then precipitated by means of a large amount of cold water, 
pressed or centrifugalized and washed to neutralit\’. 



Imo. 1K8.—Tub Maxim Process for Cotton Nitration ^ 

• 

In the English patent of 0. Schmidt,' issued in 1004, is 
described a process of nitration in which granular cellulose is 
well soaked in concentrated nitric acid, which may or may not 
contain from one-iifth to one-fourth of its bulk of sulfuric acid, 
depending upon the properties desired in the final product. When 
the cellulose has swollen and become partially disintegrated, con¬ 
centrated sulfuric acid is added, which brings about nitration 
and hardening (parchmentizing), and is then washed wjth water 
in the usual manner.* 

Hudson Maxim assigned to the Columbia Powder Mfg. Co. 

1. E. P. 116, 1904; abst. J. S. I. 1904, 23, 385; Chem. Ztg. 1905, 
29, 514. 

2. This method is claimed as an improvement on that described in 
English specification No 4769 of 1895; abst. Chem. Ceiitr, 1896, 97, I, 11.50; 
Chem. Ztg. 1896, 20, 652; S, C. I. 1890, 15, 68, 134. 
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of New York, in the year 1892,^ a method for guncotton manu¬ 
facture in Vhich the cellulose is first immersed ior a short time 
in a bath of strong nitrating add and is then,'with a large quan¬ 
tity of contained aci<!s,*fed to a second bath which contains an 
excess of'jveake acids. It is there digested for a considerable 
time, the object being to increase the stability of the final product. 
The operation is afterwards finished in the usual manner. 





In order to obviate the necessity for gelatinizing gupedtton 
when intended for smokeless powder use, A. Luck and A. Dum- 

1. U. S. P. 465280, 1891; abst. J. A. C. S. 1891, U, 304. U. S. P. 
.479988; abst. J. A. C. S, 1892, M, 295: Chem. Zt*. 1892, 1«, 1236; Tech. 
Chem. Jahr. 1892-3, IS, 171, E. P, 5209, 1890; abst, J. S. C. I. 1890, 9, 
438; 1891, U, 292, 484. E. P. 1.548), 1890; abst, J. S. C. I. 1891, 19, 794; 
Chem. Tech. Rep. 1892, 31, I, 224; Chem. Ztg. 1892, IS, 424; Meyer Jahr, 
Chem. 1^2, 2, 363; Tech. Chem. Jahr. 1801-2,14, 138. E. P. 4129, 1891; 
abst. J. S. C. I. 1892, U, 199, 4.56; Chem. Tech. Rep, 1892, 31, 1, 224; 1893, 
34, 1, 214. 
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ford' nitrate and gelatinize in one and the same process, obtaining* 
a product in a dense, powdery form so that it can finished, 
like ordinary black powder, by rolling or granulating. The 
original eellulose is dis,solved in dilute suljpac acid, aqueous zinc 
chloride, zinc chloride, hydrochloric acid or a mixture erf caustic 
alkali, carbon bisulfide and water. The solution is agitated and 
by dilution or heating, the cellulose is re-precipitated in gelatin¬ 
ized granules. These arc washed and dried with constant agita¬ 
tion, then nin through a hopper into the mixed acids and are 
nitrated as usual. 

It must be said of this process that guncotton prepared in 
this manner invafiably has a low stability and therefore is of but 
little value for smokeless powder uses. 

In order to prepare guncotton or collodion cotton in a quick, 
cfTcctive and continuous manner, J. Beck and O. Nenninger,' 
have described an apparatus (h'ig. 190) which comprizes an 
exterior casing, an interior U-shaped acid tank, an endless chain 
passing through the tank, formed of linked plates having 
teeth for feeding the cotton to the acid in the tank; means for 
heating the tank, and a rotating tooth roller which is located at 
the outgoing end of the tank and adapted to remove the nitrated 
cotton from the links df the chain. The absorbent and partially 
bleached cotton is fed into the acid in the tank B, and by the 
uniform immersion of the cotton in the acid, and the consider¬ 
able length of time during which it remains in the acid mixture, 

1. E. P 4709, tsar); ahsl. J, S. C. I. ISO,'’., 14, 1896, IS, *68, 184; 

Chera. Centr. 1896, 67, I, 11,09; Chem, Ztx. 1896, 20, 6,72; Clicni. Tech. Kcp. 
1896, 3S, 498. Belg. P. 287894, 1911. In the method of A. Hart (E. P. 
18606,19Il;abst. J. Soe. Dyers and Color. 1912,28,38) the cellulose in the form 
of clean 61)«r is 6rst stirred for four hours in a i% sulfuric acid bath. The 
nitrating bath is prepared of one part of sulfuric acid. sp. gr. 1 84, nitric acid, 
sp. gr. b.'iS and 20% water, then after standing for fourteen hours the hlier 
is stirred into this bath in the proportion of one pound of cellulose to one 
gallon of acid. It is then washed with water until neutral, hydro extracted 
and dried by hot air at 82°. The author’s experience is that on account of 
friction and electricity it would be decidedly dangerous to dry nitroccllulo.se 
by hot air at the temperature above stated. 

2. U. S. P. 483709; abst. J. A. C. S. 1892, 14, 819, Cf. Smtenburger 
Masebinenfabrik und Eisengieserci, D. R. P .78181; abst. Zts. ang. Chem, 
1891, 4, 683; Chem. Ztg. 1891, IS, 1640; 1892, 16, 1279; Chem. Tech. Rep, 

1891, 30, II, 255; Chem. Ind. 1892, IS, 40; Wag. Jahr. 1801, 17, 430; Ber. 

1892, 2S, 240; Meyer Jahr. Chem. 1891^1, 332; Tech. Chem. Jahr. 1891, 14, 
137. J. Blomen and H. Aspinwall, U. S. P. 6741.79, 1901; abst. J. A. C. S. 
1902, 24, 106; Mon. Sci. 1901, S7, 287. U. S. P. 674291,1901; abst. J. A. C. S. 
1902, 24, 106; Mon. Sci. 1901, S7, 287. 
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dnd until removed from the endless chain, the desired change 
of the cottw into nitrated product is produced; by the continuous 
working of the apparatus, the patentee alleges, a considerable 



Pio. 190,—Brck and Nbnninob* Guncotton Apparatus 


saving in time and labor and aWge increase in the productive 
capacity of the apparatus is obtained. 

{5o far as the author is aware, this method has never been 
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tried commercially, or is unable to locate working datum. 

In the pjwcess of manufacture of nitrocellulose for war, min¬ 
ing or general purposes as disclosed in the protecte<^application 
of J. Bantock,* clean cellulose is first stee^^ in a mixture of nitric 
and sulfuric adds and sodium or potassium sulfate, yiie liquor 
is afterwards drained off and the product washed »with water. 
Potassium nitrate or chlorate or other oxidizing salts are added 
to the cellulose, after which the neutral guncotton is saturated 
under pressure, the whole being maintained at a temperature 
sufficient to retain all of the oxidizing salts in solution. 
The mass is digested for a few hours, after which the excess of 
solution is filtered off by the aid of a vacuum pump and the mass 
of nitrocellulose left on the filter imtil dry. Tlie object of adding 
nitrates and chlorates is stated by the patentee to increase the 
disruptive force of the guncotton. (See the topic “Nitrated and 
Chlorated Guncotton.”) 

E. BerP has described a process for obtaining nitrocellulose, 
and claimed to be particularly suitable for tlie manufacture of 
artificial silk and powder for explosives. The cellulose, previous 
to nitrating, is subjected for a considerable time to a high tem¬ 
perature in the presence of inert gases free from oxygen, such 
as oven gases, water gas, carbon dioxide, nitrogen or superheated 
steam. If cotton is heated for four days to 120°, at the same time 
avoiding oxidation, a nitrocellulose is obtained from it on nitra¬ 
tion with a mixture of sulfuric and nitric acid and containing 
11V2% of water, said nitrocellulose containing as high ps 13.5% 
nitrogen. If the cotton is dried for six hours at 100° and is then 
nitrated in the manner above stated, a product of the same nitro¬ 
gen content is said to be obtained. However, when both products 
are dissolved in known solvents, or solvent mixtures of the same 
concentrations, solutions will be obtained the viscosity of which ‘ 

1. E. P. 4806, 1876. For nitration of celiulose by electricity, consult 
G. de BriaUes, Can. P. 106374, 1907. Australia P. 5666, 1906. Aust. P. 
35080, 1908. F. P. 364349, 1906; abst. C. A. 1907,1, 2328; Mon. Sd. 1907, 
«7, 93. Swiss P. 36176, 1906. E. P. 2902. 1906; abst. C. A. 1907, i 907, 
925; J. S. C. I. 1907, 2S, 114. D. R. P. 203377, 1906; abst. Aem. Zentr. 
1908, 79, U, 1843; C. A. 1909, 3, 718; Mon. Sci. 1912/ 77, 96; Chem. Ztg. 
Rep. 1908, 32, 657; Jahr. Chem. 1906-8, II, 974? Wag. Jahr. 1908, 54, I, 
430; Zts. ang. Chem, 1908, 21, 2376; Zts. Schiess. Spreng. 1908, 3, 434. 

2. D. R. P. 199886, 1907; ahit. Mon. Sci. 1911, 74, 93; J. S. C. I. 
1908, 25, 937; Zts. ang. Chem. 1908, 21, 2233; Chem. Zentr. 1908, 79, II, 
466; Chem. Ztg. Rep. 1908, U, 382; Chem. Ind. 1908, ^ 454; Wag. ' 
Jahr. 1908, 54, II. 355. 
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m as 5 to 4. Therefore, by varying the temperature on the 
one band and the duration of beating on the otherftbe viscosity 
of the solutions may be changed at will within comparatively 
wide limits. At the s-aipe time the raw material, it is claimed, 
does not yndergo any radical or undesirable changes. Artificial 
filaments* obtained from these nitrated products are claimed to 
be of especial value on account of the homogeneity of the solu¬ 
tions, admitting of forcing the same through microscopic aper¬ 
tures under Jow pressure.' 

In the apparatus developed for nitrating cotton as designed 
by T. Henchman,* and shown in Fig. 191, the material is fed 
to the nitrating tank by a traveling band, A', and passes down a 
chute, C, into a space between the grooved rotating cylinder, d, 
and the travelling band, c, the latter being formed of a number 
of slats linked together at their ends. The nitrating material 
is removed from the cylinder, d, by a roller, I, and from the 
band, c, by a roller, k, and is conveyed by further rollers, m and 
n, to squeezing rollers, o and p, from which it is conducted by 
a chute, to washing tanks. Tlie cylinder d, the bands, and 
the rollers are rotated from a shaft, H. The nitrating tank is 
traversed by pipes 7, which communicate with an outer tank 
containing water for heating or cooling purpbses. 

In the C. Claessen process of nitration,* 100 gm. of cotton 
and three kilos of nitro sulfuric acid are heated together at 40° 
to 50°. ITie mixture, containing a limit of 18% to 20% of water— 
preferably 19%—and 42% sulfuric acid (35% to 40%), 39% 
nitric acid (35% to 45%), is nitrated during a period of two 
hours, the temperature not being allowed to rise over 50°. After 
nitration, wringing, washing in cold water, followed by‘washing 
in weak alkaline solution and then to heutrality, there is formed 
a white amorphous nitrated product containing 9.5% to 10.5% 
nitrogen and which is readily soluble in 90% alcohol. It gives, 

1. Ber. 1906, 39, 3901; abst. J. S. C. I. 1906, 35, 1213; C. A, im 1, 
424; Chem. News, 1907, 95,36; J. C. S. 1907, 92, i, 27; Bull, Soc. Chim. 1907, 

2, 482; Repl Chim, 1907, 7, 151; Chem. Zentr. 1907, 79, 1, 153; Chem. Ztg. 
Rep. 1907, 31, 46; Chem. Zts. 1907, 6, 305; Jahr. Chem. 1905-8, 11, 1593; 
Meyer Jahr. Chem. 1906; IS, 172. 

2. E. P. 2645. 1899; abst. J. S, C. I. 1900, 39, 71. D. R. P. 114415; 

abst. Wa*. Jahr. 1900, 4S, 1,395. ' 

3. D. R. P. 163668, 1904; abst. Mon. .Sci. 1906, 85, 159; Chem. Centr. 
1906, 78, II, 1668; Chem. Ztg. 1905, 29, 942; Jahr. Chem. 1905-8, II, 992; 
Wag. Jahr. 1905, 51, It, 570; Zts. ang. Chem. 1906,19, 204. 
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when subjected to the action of polarized light, no evidence of 
un-nitrated fibers. Tlus product is claimed to be especially 
useful for the manufacture of celluloid when eombinerf with those 




Fig. 191.— Hbnciiman’s Nitration Prockss 


materials which, like resin or colophony, icadily gelatinize in 90% 
alcohol. 

P. Frost and E. Micehy' f*rm a non-inflammable nitrated 
product containing a low percentage of nitrogen by treating 
1. E. P. 5130,1905. 
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.cellulose with a mixture of three parts of sulfuric acid to one part 
of nitric acid until superficially nitrated only, thj product being 
afterwardli dissolved in alcohol and ether, or acetone, to which 
from l%-20% of zinc, iron, aluminium or ammonium chlorides 
or alum have been add^d. The solvent is then distilled off and the 
plates o{ giaterial pressed and treated in a bath of sodium carbon¬ 
ate or sodium silicate to further reduce the in^mmability. 

In the process as recommended by the Zellstoff-fabrik Wald- 
hof,‘ dry gellulose is freed from incrusting matter and other 
soluble constituents in the usual way, and is then reduced to 
such a degree of fineness by means of a carding machine, or pref¬ 
erably by mf ans of an arrange¬ 
ment as shown in Fig. 192, 
that, by treatment of the 
material with nitro-sulfuric 
acid, a nitrate is obtained 
which, it is claimed, is not 
decomposed at a temperature 
of 70°. In a section through 
Pio. 192. CoTTojj Nitration Procsss the reducing machine illus- 
ZBIWTOFF-PABRIK 

carried by the hubs a and b, which are rotated at a high 
speed, the material passing do\pi the hopper e, and being carried 
by centrifugal action between the bin c and the plates dd. 

To obtain a nitrocellulose paste especially applicable for 
smokeless powder use, and of a constant composition of 12.7% 
nitrogen, P. Joliot* employs “regenerated cellulose,” that is, 
cellulose obtained from the reduction of cuproammoniacal cellu¬ 
lose, or that obtained by reduction from cellulose xan.thate (vis¬ 
cose). The product obtained is claimed to be completely soluble 
in ether-alcohol and to yield a smokeless powder of more con¬ 
stant character than when made from ordjpary cellulose. No 
datum as regards stability is given by the patentee. 

In, 1907 there was granted protection to J. Schnader in 
England,' for a process for production of cellulose esters in which 

1. E. P. 336, ifel; abst. J. S. C. I. 1891, 10, 86, 1052; 1892, 11, 180; 

Mim. Sd. 1892, 40, 166. , 

2. F. P. 468337, 1913; abst. Mon. Sd. 1916, 01, 68. 

3. E. P. 3645,1907; abst. J. S. C. I. 1908, 27,332; C. A. 1908,2,2626; 
Chem. Ztg. Rep. 1908, 12, 180. 
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cottra or other vegetable material is treated with a mixture ol 
sulfuric and rutric or acetic acids carrying varying amounts of 
water; those with mixed nitric and sulfuric acids containing less 
than about 25% of water. Nitrocelluloses ^e said to be obtained 
which are soluble in alkali, insoluble in sulfuric acid, resist direct 
dyes, but have an affinity for basic dyes. Considerable dilution 
of the acids gives rise to a form of cellulose to which the name 
"Cellulose-S” is given, and which is insoluble in alkali but 
soluble in sulfuric acid, resists the action of basic dyestuffs, but 
has a direct affinity for substantive cotton colors. The acid 
mixtures are majle in iron or stoneware vessels, and the material, 
preferably unbleached and dry, is steeped in this mixture, keeping 
the temperature at 70° for several hours. As the acid mixture 
is taken up by the cellulose it is replaced by a fresh solution. 
After this process of steeping, the product is squeezed, hydro- 
extracted and washed with dilute sodium carbonate until all acid 
is removed. Stability tests made with potassium iodide starch 
solution or zinc iodide starch paper are stated to have been very 
satisfactory. 

G. Klie has found the following method insures a uniformly 
soluble cotton being ^produced, especially suitable for surgical 
and pharmaceutical uses.' There are mixed 7.25 ounces of gran¬ 
ular potassium nitrate in a mortar, with G.75 fluid ounces of sul¬ 
furic acid, to which are added 180 grains of cotton, free from im¬ 
purities. After standing twelve to fifteen hours, washing the 
product thoroughly, first with cold water and then with boiling 
and drying, a nitrated product is said to result of unusually 
thin flovmg properties, readily soluble in alcohol and ether and 
to be especially applicable for sealing wounds and abraded sur¬ 
faces. 

Mainly of historical interest is the process of J. Revy’ patented 
in 1865, which had for its object improvements in the manufacture 
of explosive compotmds, especially nitrocotton. In the process 
as described by him, ordinary cotton is spun, by the aid df machin¬ 
ery, into a liglitly twisted yam which is r^dered absorbent and 

1. Proc. Amer. Phanti. Assoc. 1877, 2$, 288; abst. Amer. J. Pharm. 

1877,301. . ’ 

2. U. S. P. 60082, 50083, 1885. E. P. 2720, 1863. See E. P. 1090, 

1862. a. A. Luck and C. Cross, Belg. P. 138487, 1898. Soe. anon, des 
plaques et Papiers photographiques, A. Lunii5re et fils., F. P. %1324; 
abst. C. A. 1907, i, 962,1082; Mon. Sd. 1906, ^ 169; 1907, 5»9, . 
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then nitrated by means of a mixture of nitric acid of specific 
gravity l..\2 and sulfuric acid of specific gravity 1.84. The 
acids are poured upon the cotton separately, at the same time 
mechanical agitation* ^cing provided. After nitration, the 
product istwashed free from acid in the usual manner, boiled in a 
solution of ^wtassium silicate (water glass), washed with water, 
and finally dried at a low temperature. 

In the H. de Chardonnet method,' developed primarily 
for the mamrfacturc of artificial silk and other filaments, the 
nitration is effected in the ordinary manner, the nitrocellulose 
and mixture of acids being placed in a centrifugal machine, by 
which means about three-quarters of the acid is'recovered after 
nitration and may be used again after strengthening, 'riie acids 
remaining in the nitrocellulose arc then removed by washing, the 
washings neutralized with lime and the solution of calcium nitrate 
decomposed by sodium sulfate. The sodium nitrate thus ob¬ 
tained is utilized again for the production of nitric acid. The 
nitrocellulose is further bleached with a dilute solution of bleaching 
powder, the inflammability being reduced by a final process of 
de-nitration, effcct’cd by means of warm nitric acid, alkaline 
sulfides or sulfo-carbonatcs. The apparatus is shown in Fig. 
193. 

The process of J. Arrault ahd J. and C. Schmerber^ was 
developed for the purpose of dccrcashig the amount of nitric 
acid required in the nitration process. In the preferred method 
as described by them, nitro derivatives of cellulose, starch and 
glucose are obtained by the employment of nitric acid espe¬ 
cially in a gaseous state by which process practically little more 
acid than the theoretical quantity required to transrtrpi the 
^ substances into their esters is said to be required. There is 
claimed, therefore, for this process great economy. In carry- 

1, E. P. 537C, 1890; abst. J. S. C. I. 1891, 10,»!)60 E. P. 19560, 
1891; E. P. 24688, 1898; abst. J. S. C. I. 1891, U, 971; 1892, U, 798, 939; 
1894, IS, 86, 1123; 1895, 14, 83. E. P. 201740, 1889 ; 216.564, 1891; Sbst. 
Mon. Sci. 1890, 15, 5,50, 1212; 1891, 38, 1243; 1892, 39, 289; 190.5, 82, 321; 
Rev. Chim. Ind. 181K). 1, 76; Tech. Chetn. Jahr. 1889, 12, 161. D. R, P. 
64031, 1891; abst. Zts. ang. Chem. 1892, 5, 499; Chem. Centr. 1892, 83, U. 
1088; Chem. Ztg. 1892, 18, 1432; 1893, 17, 1(K«; Chem. Tech. Rep. 1892, 
31, II, 104; Chem. Ind. 1892, 15, 48.5; iVag. Jahr. 1892, 38, 376; Ber. 1892, 
25, 892-R; Mon. Sci. 1892, 40, 166; Industriebl, 1892, 358; Meyer Jahr. 
Chem, 1892, 2, 362; Tech. Chem. Jahr. 1892-3, IS, 169. 

2. U. S. P. 230210, 1880; abst. J. A. C. S. 1880, 2, 354. In this con¬ 
nection see.A, Colassi, K. P. 490935. 1919-nhet rai— — 
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ing out the method, the apparatus used may consist of aA 
air-tight chamber in which the cellulose to be nitrated is ex¬ 
posed to the gaseous nitric acid, the latter being produced in 
a separate apparatus, as by treatment <jf a nitrate witli sulfuric 
acid. By regulation of the quantity of nitric acid and the tem¬ 
perature, nitro derivatives of different physical characteristics 



result, as the gaseous acid is claimed to penetrate and mix inti¬ 
mately with every particle of the substance subjectejd to its 
action, so that the conversion takes place with the use of but 
slightly more than the theoretical quantity required to transform 
cellulose into the dry nitro derivative. No process at the present 
day, so far as aware, is being used with nitric acid gas produced 
in this manner. 

Carl Ditmar'.in endeavoring to produce a granular nitro¬ 
cellulose for explosive purposes without the use of colloiding 
agents upon the nitrated material, first reduced cellqlose to a 
pulp similar to the pulp used for the manufacture of paper, and 

I. U. S. P. 179688, 1876, E. P. 3088, 1875;*abst. Ber. 1877, M, 726; 
Wag. Jahr. 1877, 23, 284. F. P. 101^9; abst. Bull. Soc. Chim. 1876, 21, 
526; Mon. Sci. 1876, IS, 1094. C. Hofmann and H. Josephy (D. R. P. 
292643; abst. Chem. Zentr. 1916, ST, II, 113; Chem. Ztg. Rep. 1616, 4S, 
237; Wag. Jahr. 1916, fi2, II, 12; Zts. ang. Chem. 1916, 21, 323) replaced the 
sulfuric acid in the nitrating bath by ortho-, meta-, or pyro-phosphoric adds. 

• • . 
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^ter removing any extraneous matter, the material was dipped 
in a bath d sulfuric acid in the proportion of ten ^nds of acid 
of commerce to one pound of water, and immediatdy, or within a 
minute or two afterwards, subjected it to a washing process with 
water to 1-emoVe the acid. In this way the pulp became par¬ 
tially or conipletely parchmentized and upon drying,and subjecting 
to a bath of nitric and sulfuric acids, the cotton, in a more or less 
granular form, became converted, according to the statement 
of the patentee, into the desired form of guncotton. 

C. Cross, E. Sevan and C. Beadle have patented a method 
for nitrating cellulose which consists in first prcjlucing products 
such as hydrocellulose or oxycellulose by subjecting air-dried, 
bleached fibers to the action of hydrochloric acid gas for some 
hours in a closed chamber, then washing the fibers with water 
until free from acid, and finally drying and dissolving theih in 
concentrated nitric acid to form a clear, gummy solution. Ni¬ 
trates of various degrees of nitration may be prepared from this 
solution, according to the patentees, by precipitating with water 
for the lower nitrates, or with sulfuric acid for the higher nitro- 
celluloscs.* 

In the nitration of cellulose and its derivatives as pointed 
out by the Deutsche Celluloid fabrik,’ the former practice of 
operating with nitric acid generated from potassium nitrate or 
sodium nitrate and sulfuric acid and under the normal pressure, 
has proven impracticable, because at the normal pressure too 
high temperatures were required, resulting in the decomposition 
of the cellulose, while the nitration did not proceed uniformly. 
These difficulties, it is claimed, may be obviated by operating in 
a high vacuum at temperatures not exceeding 50°. A uniformly 
I nitrated product is stated to result in quantitative yield regardless 

1. E. P. 0284, 1892; abst. J. S. C. I. 1892, 11, 566, 668; 1893, 12, 92, 
400; Chem. Centr. 1893, 64, II, 702. T. Hawkins, Austral i a P. 19452, 1910, 
The Hermite and Dubose process of cellulose nitration, is detailed in BuB. 
Soc. Ind. Rouen, 1902, 30, 244. 

2. D.*R. P. 269246, 1912; abst. C. A. 1914, 8, 2060; J. S. C. I. 1914, 
II, 335; Chem. Zentr, 1914, 85, I, 595; Chem. Ztg. Rep. 1914, 38, 66; Wag. 
Jahr. 1914, 60, 1, 359; Ztt. ang. Chem. 1914, 27, 167. D. R, P. Anm. 26485; 
abst. Chem. Ztg. 1913, 37, 430. R. Adler, D. R, P. 283304, 1913; abst. C. 
A, 1916, 0,3360;Chem. Zentr. 1915,88^1, 864;Chem. Ztg.Rep. 1915,39,220; 
Wag. Jahr. 1915, 6L II, 14; Zts. ang. Chem. 1916, 28, 244. A. Klein, Zts. 
ang. Chem. 1907, 20, 610; Chem. Centr. 1907, I, 1667; C. A. 1907, 1, 485, 
2492. For the nitration apparatus of W016ng, Dahl & Co., and H. Wyler, 
see D..R. ». 300079, 1915; abst. Chem. Ztg. 1920, 44, 393. , 
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of the surrounding temperature and mofsture. Products of any 
desired nitrogen content may also be obtained. The material 
can be driedf nitrated and washed in the same appaijitus without 
mechanically mixing and stirring appliances or complicated 
devices, while, at the same time, the op&ator is protected from 
injurious fumes, and the dilute nitric acid resulting from the 
process can be removed without difficulty, and subsequently be 
reclaimed. 

The F. Greening process* especially designed for the prepara¬ 
tion of pyroxylin compounds useful for waterproofing textile 
fabrics, consists, first, in the employment of hydrochloric acid to 
convert the cqjtton or other ligneous fibers, in addition to or in 
conjunction with the sulfuric and nitric acids generally employed. 
In carrying out this invention, the cotton is submitted to a mix¬ 
ture of acids, as before mentioned, the conversion taking place 
preferably at a temperature not exceeding 25“. After the con¬ 
version has been effected the product is washed with water, 
until the last traces of acid are removed, then submitted to a 


dilute alkaline bath, and finally wa.shed. ■ The products so ob¬ 
tained, when dissolved in volatile solvents, are claimed to be 
especially applicable for the formation of artificial leather when 
spread upon fextiles^. 

The M. Kaltenbach process for the nitration of cellulose. 


1. U. S. P. 172995, 401269. E. P. 2481, 188;); abst. Wag. Jahr. 1884, 
30,1204. E. P. 8142. 1886; abst. J..S. C. I. 1886, 5,441; 1887, 6, 549. E. P. 
2044.1875. E. P. 6,844,1889; abst. J. S. C I. 1889, 8, 320; 1890, S, 238, 522. 
E. P. 22019. 1894; abst. J. S. C. I. 1890, 15 , 124; Chem. Centr. 1896, 87 , 1, 
1150. F. P. 110,571; abst. Mon. Sci. 1876, 18 , 1095. F. P. 184247; abst. 
Mon. Sci. 1888, 11 , 632. Bcig. P. 77879. The L. Guiguct process (P. P. 


1913,32,865. 

In the process of GiUet & Co. (E. P. 136568,1920) cotton is given a luster 
approaching that of real silk by superficial or partial nitration by impregnatins 
the fibers with nitric acid of above 66% in strength at temperatures above 
12° and under 25?, and in precipitating upon the fibers a slightly nitrated 
cellulose by washing the treated fibers with water. The product which is 
deposited upon the fiber is said to contain about .5-6% N. In examples given 
by the patentees to show the preferred manipulation of their jyocess, 30,^. 
wood pulp or cotton waste are introduced rapidly and with constant stirring 
into 1000 gm. 83% HNOi at a temperature of 15-20°, and after complete 
solution to a syrupy mass, 112 gm. water are adde^. The product is intei^^ 
primarily to be deposited on cotton fabrics to enhance the luster. The 
reaction is said to take place as eamy at 0° as at 25°, but m the solutions be¬ 
come more and more viscous with the fall of temperature, it is advantageous 
in practice to work at temperatures between 12° and 25°. 
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ps patented in France,' is shown in Fig. 194. In manufac¬ 
turing nitrocellulose by the J. Boursin method,* | constant low 
temperatufe is maintained in the jackets of an apparatus, whidi 
is attained by filling ^it with an alloy which has a low melting 
point and providing tlfe alloy in sufficient quantity and with 
enough radiatmg surface to carry off the surplus heat without all 
of the alloy being melted. • 

In the process of E. Quinan;’ cellulose fiber is first dipped 
in a bath of hot nitric acid in order to dissolve the mineral 
substances contained therein, the product being next washed in a 
weak acid solution in order to remove the dissolved matter and 
then heated to complete the transformation ®f cellulose into 
hydrocellulose whereupon it is powdered and subsequently 
nitrated. 

R. Schonlau* nitrates with four parts of 40° Bd. nitric acid 
to 9.3 parts 66° Bd. sulfuric acid, by weight, after which the 
nitrated cotton is plunged into a mixture of four parts of 61% 
nitric acid and 9.3 parts sulfuric acid of 93.5% strength, in which 
the nitration is allowed to proceed for several hours in order to 
produce a more stable ester. Nitrocellulose obtained by this 
process is said to be readily soluble in acetone, ethyl acetate and 
in a mixture of alcohol and ether and to have special advantages 
for the production of celluloid and similar thermoplastic nitro¬ 
cellulose combinations. 

E. Muller* has been granted a patent in England which 
relates to an apparatus for nitrifying cellulose (Fig. 195) 

1. F. P. 453588, 1913; abst. C. A. 1914, S, 251; Kunst. 1913, 3, 416; 
J, S. C, 1.1913, 32, 768; Chem. Ztg. Rep. 1913, 37, 572. 

2. E. P. 24696, 1908. &e Vereinigte Kunstseidetabriken A. G., 
Ital. P. 132230, 1913. See Soc. Gen. pour la Fabr. des Matiere Plastiques, 
E. P. Appl. 20283, 1917. F. P. Dec. 8, 1917. ’ 

3. D. R. P. 117349, 1898; abst. Mon. Sci. 1901, 57, 148; Chem. Centr. 

1901,72,1,288; Chem.Ztg. 1901,25,93; Jahr.Chem. 1901,54,895; Wag. Jahr. 
1901, 47, 1, 492; Zts. ang. Chem. 1901, 14, 117. See ZeUstoff-fabrik Waldhof, 
D. R. P. 64878, 1890; abst. Mon. Sci. 1893, 41, 208; Ber. 1893, 25, 78-R; 
Wag. Jahr. 1892, 35, 371; Zts. ang. Chem. 1892, 5, 706. Processes sin^r 
to that of G. Wolf (Russ. Zts. Pharm. 22, 4; Jahr. Chem., 1883, 35, 1779), 
in which nitsates, as KNOi, are employed with sulfuric acid have long since 
been abandoned, due to the prolonged washing required to eliminate the 
alkaline sulfate formed J)y double decomposition. C. Quinan, U. S. P. 
507565, 1898; abst. Mon. Sd. 1898, 52, 178; Chem. Ztg. 1898, 22, 106. I. 
Moscicki, Belg. P. 194363, 1906. . 

4. F. P. 469484, 1914; abst. J. S. C. I. 1915, 34, 24. Swiss P. 60990, 

1912. 

6. E. P. 8843, 1890; abst. J. S. C. 1.1890, $, 688, 998, 1064. 
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Pio. 194. — Kaltenbach NirnATioN Procsss 
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•in which the acid is admitted to the vessel A, containing the 
celhUose, through the pipe R, from the acid vessel C. When 
esterification has been completed the acid is petiumed to the 
vessel C by connecting pipe R\ to an air pump, the acid being 
withdrawn tlmough the pipe H. The apparatus of the Rheinische 
Westphalische Sprengstoff A-G' is similar. 



Pio. 196.— ^MOuer Process por Cotton Nitration 


T. Henchmann’ provides a chain upon which the material to 
be nitrated is pressed by means of a drum' provided with rifling 
on its circumference, the chain being then cdnducted through, a 
cylindrical vessel filled with a nitrating acid and surrounded %ith 
a jacket Tor cooling and heating, the chain being finally conducted 

1. D. R. P. 54OT7; abst. Zts. ang. Chem. 1890, S, 713; Chem. Ztg. 
1890, 14, 1638; 1892, M, 277; Chem. Tech. Rep. 1890, », 11, 144; Wag. 
Jahr. 1890, 3S, 639; Ber. 1890, 21, f 18-R; Tech. Chem. Jahr. 1890-1, 11, 
183; Meyer Jahr. Chem. 1891, 1, 332; Dingl. Pdy. 1801, U2, 61. Ital. 
P. 32338, 1892. 

2. D. R. P. 114415; abst. Wag. Jahr. 1900, 48, 1, 396. 
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toward brush like rotating cylinders which strip the material" 
from the cfaam%fter nitration. ^ 

A. Dufay* proposes a method in which the cellulose is treated 
with a mixture of nitrogen pentoxide and lytfic acid, and describes 
the method of preparing both nitrogen pentoxide and nkric add 
by the aid of PjOj. According to Dufay the substitution of 
NjOs for the sulfuric acid, usually employed in nitration, prevents 
the formation of sulfuric esters, while "since the reaction occurs 
in the nitric medium there is no fear of secondary reactions.” 

The L. Morane apparatus* shown in Fig. 196 offers 



the advantage that all the opyations of nitraUon up to the 
moment when the nitrocellulose is plunged into water, are effected 

1. Chem. News. 1912, 108, 211; abst. C. A. 1913, 7, 1418. 

2. E. P. 24M1,1899; abst. J, S. C, 1.1900,10,375. 
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in one apparatus which, at the same time, is closed but yet is in 
communication with a ventilator whereby the ayid vapors are 
driven into'a condenser. In this manner, according to the patentee, 
no acid vapors escape into the atmosphere of the work room or 
to the ^terior. Draining, and the removal to the press or 
centrifugal apparatus is thereby obviated and the work rendered 
more rapid and without the nitrated cotton comiflg into contact 
with the atmosphere, thus tending to obtain an increased yield. 

D. Bethisy^ advocates the addition of nitric and sulfuric 
acids to cellulose in the proportion of 24 kilos nitric acid 42° 
B^. to 56 kilos sulfuric acid, 66° B^., as this mixture brings about 
a rise in temperature. The vessels are preferably immersed in a 
current of cold water where they are covered and left to stand 
until the temperature sinks to 30°. Cellulose is then added to 
the above mixture of acid in the proportion of 5 to 6 kilos. 

L. Labbe’® employs for 1(X) gm. of cotton, 9.50 cc. of nitric 
acid of sp. gr. 1.457, 25,50 cc. sulfuric acid, sp. gr. 1.845, and 7.50 
cc. of water, maintaining the temperature at 60°, the time of 
immersion being ten minutes. 

G. Aschas’ nitrates cellulose with a cooled mixture of 3 parts 
sulfuric and one part of highly concentrated nitric acids, while 
H. Danzer® employs equal parts, by weighF, of nitric acid of 38° 
B6. and sulfuric acid of 66° B^.,'immersing the cotton in the 
nitrating bath when the latter has been cooled to 25° or lower. 

The nitration processes of J. Reeves,^ F. Glaser,® A. Martin,'’ 
and the ^methods of Kostanezki,® Krai,® and J. Schulhof'" offer 

1. K, r. 1131»7, 1007; abst. C. A. 1900, 3, 122; J. S. C. I. 1008, 27, 
(140. F. P. 34730.3, 1004; abst. C. A. 1007, 1, 358; Mon. Sci. 1906, 65, 112; 
Chcin. Zts. 1(X)6, 4, 80. 

2. F. P. 410073. 1010; abst. Mon. Sci. 1912, 77, 7. • , 

3. Swiss. P. 11904.1800; abst. Mon. Sci. 1001, 57, 287. 

4. F. P. Add. 136.50 to 41072,5, 1011. 

5. K. P. 080, 1867. See also F. Reeves and J. Maschanip, IS. P. 
3293, 1806. 

0. K. P. 17167, 1887; abst. J. S. C, I. 1888, 7, 867. 

7. I,es Mondes, 1873. 30. » 

8. Zts. Pharm. Russ. 22, 65; abst. Jahr. Chem. 1883, 35, 1779. 

9. Pdty. Notiz. 1865, 20, 304. Chem. Centr. 1865, 36, 2.58; Poly. 

Centr. 1865, 31, 1519; Wieck’s Gewerbeztg. 1885, 355; abst. Wag. Jahr. 
1865, 11, 413. • 

10. E. P. 4917, 1882; abst. Les Mondes 1884 (3), 7, 321; Chem. Ind. 

1883, 6, 375; Ber. 1883, 16, 2941; Jahr.aChem. 1883, 36, 1705; Pharm. Runds¬ 
chau. 1883, 759; Chem. Tech. Rep. 1883, 22, I, 201; JI. 190; Poly. Notiz. 

1884, 39, 76; Wag. Jahr. 1884, SO, 377. E. P. 1767, 1883; abst. J. S. C. I. 
1883. 2, 101. U. S. P. 304361; abst. J. A. C. S. 1884, 6, 374. 
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nothing new, so far as ascertainable from the patents.* 

According (to W. Crombic,* a nitrocellulose consisting solely 
of soluble nitrated cotton and containing a high percentage of 
nitrogen, may be prepared by making tlje‘nitrating bath of .'iH 
parts sulfuric acid, 29 of nitric acid, and 13 parts of winter. R. 
Annison and G. Oliver* limit the period of nitration to M) minutes. 
In the method of G. Fayt,’ the cotton is introduced and removed 
from the nitrating bath continuously by means of an Archi¬ 
medean screw rotating in a drum-shaped container, surrounded 
by an envelope for heating or cooling. 

A. Hollings* links the cotton together and then nitrates in 
a continuous manner by means of an arrangement patented by 
him. In the A. Liedbeck process,* cellulose is simultaneously 
nitrated and ground in a beater in order to obtain a more uniform 
pr<xluct. A. Miiller-Jacobs* nitrates cellulose in rolls of cloth, 
and forms an explosive therefrom by printing on the nitrated 
fabric with a solution of ammonium picrate and potas.sium 
chlorate, together with a suitable adhesive. 

The Aktienges. Dynamit Nobel* seek to obtain a more uni¬ 
form result while nitrating, by exhausting the nitrating vessel, 
a part of the acid consjantly being renewed by fresh acid, which 
tends to keep down the temperature. This is the opposite of the 

1. K. P. 19074, 1.S98; absl. Arm,s and Ivxpl. 1899, 7, 158; Mon. Sci. 
1900, 55, 131; Chcin. Ztg. Rep. 19IX), 24, 20. 

2. 15. P. 4.577, 1900; abst, C. A. 1907, 1, 177;f, 1788, J. S. C. I. 1907, 
25, 340; Zts. Schicss. .Spreng. 1907, 2, 195, 

3. Helg. P. 241341, 1911. 

4. 15. P. 13278, 1899; D. R. P. 122008; ub.st. Anns and K.ipl. IIKIO, 
8, 131; Chem. Ztg. Rep. 1901, 25, 875; Wag. Jalir. 1901, 47, 1, 494, Zts .ing. 
Chem. 1901, 14, 9.50; J. .S. C. I. 19(X), 19, 775. 

6 . E. 4’. 14090, 1897; Delg. P. 128925, 1897; It . 8 . P. 718484, 1903, 
D. R. P. 96109, 111280; E. P. 27397, 1898; E. P. 28548S, 1899, Swed. P. 
8049, 1890; abst. J, S. C I,’1897, 18, 700; 1899, 18, 401; 1903, 22, 105; Mon. 
Sci. 1898, 52, 94; 1899, 54, 189; 1901, 57, 29; Chem. Centr. 1898, 69, I, 1222; 
1900, 71, n, 231; Chem. Tech. Rep. 1898, 37, 221; Chem. Ztg. 1900, 24, 
604; Jahr. Chem. 1898, 51, 1382; Zts, ang. Chem. 1900, 13, .526 

6. E. P. 27102, 1904; abst. Arms and Expl. 1905, 13, .37; J. ,8. C. I. 
1905 24, 250 

7. D. R. P. 4410, 1878; abst. Dingl. Poly. 1879, 232, 188; Z4s. Chem. 
Grossgewerbe, 1879, 4, 287; Dent. Industrieztg. 1879, 170; Her. 1879, 12, 
712; Chem. Ztg. 1879, 3, 197; Wag. Jahr, 1879, 25, 410; Chem. Ind. 1879, 
2, 171; Chem. Tech. Rep. 1879, 18, 1, 287; J. A. C. S. 1879, 1, 303; Chem. 
Tech. Mitth, 1878-9, 28, 295. D. R, ft 74730; abst. Zts, ang. Chem. 1894, 
7, 340; Chem. Ztg. 1894, 18, 1090; Chem, Tech. Rep. 1894, 33, 1. 239; Wag. 
Jahr. 1894, 48, 496; Her. 1894, 27, 777-R; Meyer Jahr. Chem. 1894, 4, 418; 
Tech. Chem. Jahr. 1894-5, 17, 172; Jahr. Chem. 1893, 46, 1133. 
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'older A. Parkes process,' where the nitrating adds were removed 
by pressure. In the manufacture of an expiaeii^ combination, 
S. Mackie, C. Faure and G. Trench* first nitrate in the usual 
manner, then neutra/i^e the waste nitrating acid with barium 
carbonate, filter off the barium sulfate, and incorporate the 
barium nitrate with the nitrated cellulose as 9 finished explosive. 
T. Shafiner both nitrates and washes under pressure in order 
to cause more intimate contact with the acids, and to facilitate 
their removal after esterification.* A. Voswinkel* first treats 
with zinc chloride to facilitate esterification, then with fuming 
nitric acid at a temperature of lOMfi”. A. VogeP reduces the 
period of nitration to five minutes. ’ 

In the apparatus of Wunderlich,* stirrer arms are so arranged 
that the material to be nitrated is seized by them and propelled 
along the base of a corrugated false bottom, at the end of 
which it is seized by a perforated drum and a roller, which pulls 
it out of the nitrating bath. The acid is squeezed out and is 
returned through the perforated bottom into the apparatus. 

N itration tSf Cotton for Cheaper Grades of Pyroxylin. In ni¬ 
trocellulose intended for combination with oils and pigments, in 
opaque products, especially in bronzing Ijquids, artificial leather 
mixtures and pyroxylin coating compositions, where clearness, 
solubility, viscosity and freedom from insoluble particles are of 
minor consideration, a grade of cellulose nitrate is made by 
means of centrifugals which is used in enormous quantities at 

1. E. P. 3163,1865; abst. Mon. Sci. 1913, 78, 392. 

2. E. P. 2062, 3612, 1874; abst. Chem. News, 1874, », 166; Ber. 
1876, 9, 205; Bayer. Ind. Gewerbebl. 1876, 141; Zts. Chem. Grossgewerbe, 
1876, I, 233; Dingl. Poly. 1874, 213, 174; Poly. Centr. 1874, 4B, 789; Wag. 
Jahr. 1876, 22, 480. S. Mackie, U. S.’ P. 141654, abst. Amer. Chemist, 
1873, 4, 238; E. P. 2693, 1872; abst. Ber. 1874, 7, 741; Poly. Centr. 1874, 
40, 789; Bayer Ind. Gewerbebl. 1874, 278; Dingl. Pdy. 1874, 213, 174; Chem. 
Tech. Mitth. 1874-5, 218. F. P. 99589, 1873. Electr. .Engineer, 1881, 

9, 260; J. Soc. Arts, 1873, 21, 470; 23, 227. 

3. U. S. P. 80571, 1868; 93757, 1869. 

4. D. R. P. 74070; abst. Jahr. Chem. 1894, 47, 1134; Zts. aig. Chem. 
1894, 7, .307; Chem. Centr. 1894, *5, 1, 1168; Chem. Ztg. 1894, IS, 812, 1090; 
Chem. Tech. Rep. 1894, 33, I, 239; Chem. Ind. 1894, 17, 512; Wag. Jahr. 
1894, 40, 495; Ber. 1894, 27, 537-R; Tech. Chem. Jahr. 1893-4, ft, 166; 
Meyer Jahr. Chem. 1894, 4, 418. 

5. Poly. Notiz. 1872, 27, No, ,4; N. Repert. f. Pharm. 1872, 7; Dingl. 
Poly. 1872, 203, 504; Pharm. Centralhalle, 1872, 14, No. 17; Chem. Tech. 
Mitth. 1871-2, 1, 48; Jahr. Chem. 1872, 2S, 1(»3. 

6. D. R. P. 65.399, 1891; abst. Mon. Sci. 1803, 37, 861; Ber. 1803, 
2$, 124;.Wag. Jahr. 1893, 39, 427. 
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the present time in the United States. The following is the 
process in its essentials: The add mixture used consists of 55^ 
sulfuric add, 17% nitric add, water 28%, giving a total acidity 
of 72%. The initial temperature of the nitrating acid as it comes 
in contact with the cotton is 46° to 48° but is required to be 
heated two or three degrees higher to allow for coolfag during 
transmission of the acid to the nitrating centrifuge Fifteen 
minutes is the time of nitration and five wringers are usually 
nitrated each two hour period. Tlie heat of reaction raises the 
contents of the centrifugal to 54°-57°, yield 128% to 135% on 
the weight of the dry cotton; nitrogen content r2.35%-12.40%: 
nitrating mixtuse 35 to 50 times the weight of the cotton immersed. 
The product is nearly soluble in commercial wood alcohol, con¬ 
tains considerable residue, the majority of which is soluble in 
acetone, has a low viscosity and thin flow and dissolves readily. 
The stability is not high. As the temperature of nitration in¬ 
creases the cost rises correspondingly, for the higher nitrating 
acid means a more fluid pyroxylin, greater loss in washing and 
neutralizing, more frequent replacement of rubber gloves, etc., 
and a greater frequency of the batches fuming off in the wringer. 
The value of this grade of pyroxylin lies in the small amount 
of solvent necessary .to make a workable solution and this is of 
special value in the imitation leather industry and in the forma¬ 
tion of colored films where the solvent is usually not recovered. 
Raising the sulfuric add in the, nitrating mixture lowers the 
nitrogen content of the pyroxylin; increasing the percentage of 
nitric acid, increases the amount of nitrogen in the nifrocotton; 
elevation of temperature without changing the composition of 
the niti;^ting mixture has but little effect on the nitrogen con¬ 
tent, although the yield is somewhat diminished and a nitro- 
cotton of greater fluidity is formed. 

Pyroxylin o( an inferior grade, as regards color only, can 
be produced from cotton waste of the trade which is not bleached 
but simply scoured. Paper made from the sulfite and sulfate 
processes is capable of yielding a very soluble pyroxylin, which 
may be nitrated at high temperatures and still 3 rield a notable 
increase in weight. , 

Nitration of Paper. The nitrating apparatus of R. Schap- 
phaus and M. White, G. Mowlnay, Tribouillet and de Besauncele 



2034 


TECHNOLOGY OF CELLULOSE ESTERS 


^ancl Hyatt, were all designed for the nitration of tissue paper. 
It has repeatedly been asserted that the finest quality of lacquer 
and bronang liquids, transparent plastics and pyroxylin for the 
preparation of cineiqptographic and other continuous films, can 
be. obtained only by the nitration of tissue paper. It is a fact 
that the lightest colored lacquers, the so-called “water-white” 
grade, are to-day produced in the United States from nitrated 
tissue paper (so-called paproxyl) in preference to the higher grades 
of cotton. The actual advantages observed are case in nitration 
and speed of penetration, the paper being seldom thicker than 
0.003 inch; facility of solution of the nitrated paper; entire absence 
of cloudiness of the filtered solutions; and the near approach 
(tintometrically) to forming colorless solutions. It has been 
pointed out in several works and scientific articles that the high 
cost of tissue paper must of necessity preclude its use in any large 
quantities for this purpose, but all, so far as the author is aware, 
of the manufacturers of pyroxylin plastics in the United States 
either manufacture or use large quantities of nitrated tissue 
paper. Wlien the relative cost of a high grade of cotton is cal¬ 
culated as compared with tissue paper at the present day, it is 
evident that the difference in cost of raw material is not so marked. 
The ease and completeness with which solid particles may lie 
removed from nitrated paper ^olutions are of great importance in 
the use of this material for continuous photographic films, where 
freedom from specks is absolutely necessary on account of the 
high magnificalion to which the film is subjected when thrown 
upon tile screen. 

In the manufacture of a suitable paper for this purpose, the 
Diamond PajJcr Mills and other manufacturers are qbliged to 
exercise great care in locating their plants, to insure that the 
water supply is soft and practically free from organic matter, 
so that the paper may absorb little or no color from percolation 
through leaf mold and other decaying vegetable matter. 

Of the less important processes, the apparatus of R. Schupphaus 
and M. '^lite’ (Figs. 197,198) consists of a cage, B, with a central 
perforated cylinder,'intended to insure the rapid and efficient 
saturation of the tissue paper ujed for nitration. The patentees 

1. U. S. 1>. 400.')97, 4182.37, 1889. E. P. 18083, 1894; abst. J. S. C. I. 
1894, 13, 1010, 1129, 1220; 1897, 18, 498; Chem. Ztg, Rep. 1896, 20, 204. 
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claim that with their apparatus no stirring is required, which 
could only be true with nitration at low temperatures, and not 
with a temperature of 50®-60°. Their method eOnsists in nitrat¬ 
ing the paper in the cage B, the bottom of which is formed by the 
flanged plate c fastened to the bottom of the internal cylinder B'. 
After bifration the cage goes to the wringer E, of which 
it forms the basket, the acids then being removed. The cage 
is next taken to the plunge tank F, where the paper is removed 
by simply pulling out the central perforated cylinder B'. The 
lower cut shows the nitrating pot with automatic cover, the 
plunge tank F being shown in section and plan. 

The method of G. Mowbray,* now clqefly of historical 
interest, is perhaps the most elaborate process of tissue-paper 
nitration which has gone beyond the experimental stage, no 
paper being nitrated by this method at the present day. The 
paper lengths shown in the various sectional drawings (Pigs. 199 



Fio. 199.—Mowbrav’s Paper Nwratino Apparatus 


and 200) are entirely imaginary, as the paper upon entering the 
nitrating fluid would immediately fall to the bottom of Jhe recep- 

1., U. S. P. 360497, 350498. 1886; 434287, 443105, 1890; abst. Chem. 
Ztg. 1891, IS, 48; Chem. Tech. Rep. 1890, 2S, II, 145. E. P. 20978, 1890; 
abst. J. S. C. I. 1891,10, 271. D. R. P. 69929, 60595,1890; abst. Wag. Tahr. 
1891,17, 431; Zts. adg. Chem. 1892, 5, 31; Chem. Tech. Rep. 1891, M, II, 
254; Ber. 1892, 25, 253. Ital. P. 29266, 1891. J. France has described 
methods of using cotton cut so 6ne*as to be practically dust, for the prepara¬ 
tion of soluble (U. S. P. 420445, 1890) and insduble (U. S. P. 420446, 1890) 
nitrocellulose. 
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tade. He allows the paper web to remain in the acid tank f<fr 
12 to 20 mhSutes, then as the first portion is draym forward 
a fresh section takes its place. How to maintain the temperature 
and strength of acid in the nitrating tank is not stated and is one 
of the important problems. This method was tried cotamercially 
at the plant of the American Xylonite Company, at Nbrth Adams, 
Mass., but was shortly after abandoned. 



V. Tribouillet and L. de Besauncele Process for Paper Nitra¬ 
tion. In this method, the cellulose is first dried at 100°, and is 
then partially comminuted. The apparatus used for nitration 
is shown in Fig. 201 and comprizes a nitrating box with hood 
into which the disintegrated or comminuted cotton is immersed. 
The nitrating vessel M is 7'-S' deep, and mounted on a bottom 
cooling jacket, B, traversed by a stream of water. To protect 
the operator from fumes, each unit is surrounded by a glass 
cover, V, which, to say the least, must be inconvenient. 

The nitrating mixture is composed of 3 parts sulfiiric add 
(1.834 sp. gr.) and 2 parts concentrated nitric acid containing 
nitrous add in solution, and used at a temperature of 40°-50°. 
The acitfe may be economized by employing the bath after re-use, 
the bath being heated to 30°-35°; but when using spent add,, 
the material must remain in the nitrating bath for several hours. 
The nitrocellulose produced is alleged to be espedally valuable 
for the manufacture of celluloid and similar plastics.* 

A. Claessen has described* a method of producing an alcohol- 

1. V. Tribouillet and L. de Besauncele, U. S. P. 216474. 1879; abst. 
J. A. C.S. 1879,1,261. E. P. S057,1878. F. P. 138846,1878; 129890,1879; 
Add. June 16, 1880; abst Mon. Sci. 1880, 22, 956. Chem. Tech. Rep. 
1879, U, II, 135. Oingl. Pdy. 1830, 235, 203; abst Jahr. Chem. 1880, 
S3, 1370; Mon. Sd. 1879, 21, 666; Chem. Centr. 1880, ^ 334. 

2. D. R. P. 163668, 1604; abst. Mon. Sd. 1906, (S, 159; Chem. Centr. 

1906, T5, II, 1568; Chem. Ztg. 1905, 29, 1149; Jahr. Chem. 1905-8, II, 992; 
Wag. JaM’. 1905, jn, II, .670; Zts. ang. Chem. 1906, 19, 204. • . 
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ailuble cellulose nitrate, especially suitable for celluloid manu¬ 
facture, and prepared by acting upon 100 gm. cotton with 3 k. 
nitrosulfuric acid at 4()“-50°. The nitrating mixture containing 
19% water (limit 18%p20%), 42% sulfuric acid (limit 35%- 
46%) and 39% nitric acid (limit 3o%^5%) is allowed to act 
for two hoiirs, the temperature not being permitted to rise above 
50°. After nitration, washing with cold wafer is followed by 



Pig. 201. -Tint Tribouillbt & Bbsauncbcb 
Nitrating Apparatus 

reatment with weak soda solution, then with water again and 
nally dried. The product contains 9.5%-10.£% N, and is said 
0 be readily soluble in 96% alcohol. In polarized light the/ibers 
ppear grrenish yellow. To prepare celluloid it is recommended 
D combine 100 k. of the above cellulose nitrate with colophony 
9 k. and 60 k. of 96% alcohol. Instead of colophony, ceresin 
hich gelatinizes in 96% alcohol may be used. 

Hyatt’s Paper Nitration Process. The foregoing described 
lethods have been superseded, at least in the United States, by 
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the process of John W. Hyatt, which, although now thirty yearS 
old, is used today in essentially the same manner as fy^t brought 
out by the inventor. With the exception of unimportant modi¬ 
fications and modem refinements in thj way of increasing the 
yield and greater percentage of acid recovery, the procass stands 
to-day alone for the commercial preparation of nitrated tissue 
paper. So far as the author is aware, the manufacturers of 
pyroxylin plastics in the United States at the present time use or 
produce nitrated paper by methods based upon this process of 
Hyatt.* The process is divided into the four steps of “disintegra¬ 
tion,” “conversion,” “desiccation,” and “ablution.” This method, 
upon which tissue-paper nitration is at present carried out, is 
considered of .sufficient importance to give in detail, in substan¬ 
tially the words of the inventor: 

The first step of the process has for its object the preparation 
of vegetable fiber for rapid conversion into nitrocellulose, and to 
this end the improvement consists in taking paper (unsized and 
uncalendered tissue paper is best) which has been made in sheets, 
and, preferably, paper made from stock which has been bleached 
by any of the ordinary processes, and reducing this paper to small 
flakes; and this is done in practice by taking a roll of such paper, 
mounting it in frame* and feeding it between rollers and under 
tension to a cylinder armed with hook-teeth, set close together, 
which tear the sheet of paper into exceedingly minute shreds or 
particles ("flakes”), presenting almost as much edge as surface, 
so that when immersed in the acids they are acted upon almost 
instantaneously throughout, and converted more uniformly than 
would otherwise lie practicable. This first step of the process 
is designated “disintegration,” to express the reduction of the 
tissue paper into minute flakes. 

To expedite the converting action still further, the second 


1 U S. P. 210611, 1878. U. S. P. 296967, 297935, 1884; abst. J. A. 
C. S. 1884, 6 , 204, 207. E. P. .3864, 1881. F. P. 109053, 1875; 123739, 
1878; 144726, 1881; abst. Mon. Sci. 1882, M, 730. D. R. P. ^392, 64M, 
6902, 1878; abst. Dingl. Poly. 1879, 232, 520; Chem. Tech. Rep. W9. 

I, 291; Wag. Jahr. 1878, 24, 467. J. Hyatt and F. Pool U S. P. ^^6, 
1883. J. Hyatt. F. Pool, J. Everding, J. Stevens hnd W. W^, U. S. P. 
299388, 1884; abst, J. A. C. S. 1884, 8, 249. J. Hyatt, W. Wood and J. 
Stevens, U. S. P. 296968, 1884; abst* J. A. C. S. 1884, 8 , 204. |. 

Hyatt. U. S. P. 105338, 1870; Re. 9528, 1874; 10469, 1884; abst. J. A. C S. 
1884 8 , 204. F. Pool, U. S. P. .306619, 1884; Re, 10650, 1885; 336822, 
343850, 1886; abst. J. A. C. S. 1888, 8 , 68. 171. 
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Stage consists in preparing the acid bath, which is placed under a 
shaft carrying on its lower end a stirrer, and rapid^ rotating the 
shaft, so that the stirrer will give the bath a swift swirling motion; 
and by setting the blades of the stirrer at an angle somewhat 
similarly*tcf the blades of a propeller, the centrifugal motion of 
the acids is increased, crowding them up at thewside of the vessel 
and leaving a depression at the center, so that the flakes of paper 
being fed into the bath are first swept into the vortex of the 
swirl by centripetal force, and there subjected to the intensified 
action of the bath, and as the increasing mass of flakes is saturated 
and immersed it is gradually swept from the cfnter to the side 
of the vessel, where its motion is slower, leaving the center free 
for the reception of the fresh flakes, which are constantly fed 
into the vortex, where they are acted upon on all sides instanta¬ 
neously. In this way the treatment of a much larger quantity 
of the paper is effected than the bath would otherwise act upon 
effectively. This second step of the process is designated “con¬ 
version,” to express the transition of the disintegrated flakes from 
their normal condition into that of saturated soluble fiber. 

The quantity of flakes which can be properly fed into the 
bath, and properly acted upon, as descritjed, having been thor¬ 
oughly converted, the workman raises the stirrer out of the vessel, 
which has been resting upon a turntable, and brings under the 
stirrer another vessel, which meanwhile has been supplied with 
acids pumped up through pipes, arranged in proper relative 
positiori to have the vessel brought under them by the rotation 
of the turntable. He then lowers the stirrer into this freshly 
charged vessel, sets it in motion, and feeds in fresh flakes,^as before, 
and when they are converted, agaih raising the stiitfer passes 
the vessel onward by the turntable. 

The next stage of the process is the separation and recovery 
of the surplus acid from the saturated solubfe fiber, and this is 
effected as follows: Close to the turntable and near to th% add- 
supply pipes a centrifugal machine is placed, provided with a 
second perforated rotating removable basket, fitting loosely 
within the ordinary perforated basket, which latter is mounted 
upon a vertical shaft, carrying a driving pulley upon its lower 
end. The adds pass through the perforations in the baskets 
into,the space between the outer basket and the casing, and off 
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through a pipe leading from the bottom of thb casing to the 
reservoir below, from which they may be again pumped up through 
the supply pipes. ^ 

The turntable ^ving brought the vessel containing the 
acid and converted fiber opposite the,(intrifugal machine, the 



Fio. 202. —Hyatt Tissub-Pape* Nitrator. Top View 
OP Disintegratino Apparatus 



Fro. 203 .—Hyatt Tissue-Paper Nitrator. Vbr- 
.ncAi, LoNorruDiNAt, Section through 
Fig. 202 


vessel is lifted and its contents emptied into the centfifuge which, 
rotating rapidly, throws out the surplus, acid, as is well under¬ 
stood. This third stage is designated “desiccation,” to indicate 
the removal of the surplus add. 

The next stage is to wash out the adds left in the desiccated 
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fiber after the operation'of the whizzer; and to this end a washing 
vat is arranged, supplied with water, and having an overflow near 
the top, and an inclined table extending from fhe Whizzer to the 
edge of the vat, so that by lifting the removable basket out of the 
whizzer with suitable lifting-hooks the desiccated fiber is dumped 
on the table and slides down into the washing-vat, where it is 
stirred anh thoroughly washed in the constantly changing water 
until the acids are throughly removed. Ttis fourth stage is 



Fio. 204,— Hyatt Tissue-Paper Nitrating Apparatus. Puan View 
Showing Converters 

designated "ablution,” to express t^e transition of the nitro- 
icellulose from the condition of desiccation to the condition of 
hydrated soluble fiber. From this vat the hydrated soluble fiber 
may be transferred to another whizzer, which will remove the 
surplus water, or to a beating-engine, and groimd into pulp. " 

A hoOd or canopy is provided extending over the entire 
apparatus, and having jin induced upward draft through it, whereby 
the fumes from the acids are not only prevented from becoming 
diffused throughout the room, but are so rapidly carried off through 
the hpod as to greatly relieve the workmen immediately about 
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the apparatus from the distress incident to tlie use of such acid^ 
in open vessels. 

The converting vessels are also provided with'lugs above 
and below the center of gravity, and rig-Ufting apparatus at tlie 
proper points for elevating and tilting flie converting vessels to 
empty them into the whizzer; and by the use of thcsc.devices and 
of a suitable lifting-hook for raising the removable basket from 
the whizzer, the process is conducted with very little occasion 
to touch the vessels with the hands. 

In the drawings Fig. 202 is a plan or top view of the dis- 



Fiu. 205 .—Hyatt Tissue-Papbr Nitrator. Side View of Fig. 204 


integrating apparatus; Fig. 203, a vertical longitudinal section 
through the same; Fig. 204, a plan view, showing the general 
arrangement of the converting apparatus; and Fig. 205, a side 
view, in elevation, pf the same.^ 

It has been said that when Hyatt utilized the relation of 
1. The disinte^ating apparatus consists of a frame ^pi>ortmg a 
pair of housings, A , with liearings below for the shaft of the disiritegrator 5, 
and bearings in adjustable boxes above for ihc grooved feed-rollers, CC', 
a driving-pulley, c, being mounted on the projecting end of the shaft of the 
feed-roller. C, which roller rotates the feed-roller, t'l, by frictional contact. 
The housings also support a transverse frame, D, in which guide-teeth, d, 
of wire, are so arranged that each of them shall take into one of the grooves 
of the feed-rollers. 

The guide-teeth, which fit in the grooves of the roller, C, extend down 
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.camphor to pyroxylin he laid the foundation for an art, and when 
he devized a satisfactory process of paper ni^tion whereby 

below the leed-rollers, and are secured to and support* the guide-bar, i', 
parallel with the roller apd immediately above the teeth of the disintegrator, 
in line with the line of contact of the feed-rolls. 

The teetlf which fit in the grooves of the roller C' are slightly curved 
at their lower ends, so as to turn away from the bar d', and the lower points 
of these teeth are about in line with the lower edge of th%guide-bar. 

As the feed-rollers are rotated the paper is carried down between them 
and between th^ teeth, in such a matmer that while the teeth in the roller 
C permit the paper after it passes below them to turn toward the knives, 
the guide bar d' sustains it against the action of the knives and holds it 
smooth throughout its entire width, so that it is uniformly fed under the 
tension of the rollers and presented to and acted upon by the teeth of the 
disintegrator and reduced to substantially uniform flakes, instead of being 
irregularly tom and wadded. , 

The disintegrator B consists of a number of book-teeth or knives ar¬ 
ranged close together in spiral lines around and upon its shaft. The ele¬ 
ments which wiU determine the size of the flakes are a given number of teeth 
and a given rate of speed in the disintegrator, and a relatively slower rate of 
speed in the feed rollers; but it was not found desirable to reduce the paper 
to flakes of less size than, say, one-sixteenth of an inch. 

The revolution of the disintegrator is in a direction opposite to that of 
the driven feed-roller, and is imparted by a pulley, t, on the projecting end 
of the disintegrator shaft. 

The paper is supplied to the disintegrator from a roller, E*, and passes 
under a roller, E‘, atfd over a roller, £, down to and between the feed-rollers 
CO. 

The flakes fall into a receptacle below the disintegrator, from which 
they are removed as required. 

The converting apparatus is arranged ^ shown in the figures, 
and comprises first, a turntable, F, nfounted on spherical balls or other suit¬ 
able suspension and having such diameter as will accommodate a series of 
the converting vessels G. At a proper point supply pipes 1, 2, 3, leading 
from the acid reservoirs below, have their spoute curved over, so that one 
of the vessels, G, standing upon the turntable, may, by the rotation of the 
table, be brought under the spouts and charged with acids by the action of 
a pump. The further rotation of the turntable then moves the charged 
vessel from the spouts around underneath the stirrer H, which is supported 
above the turntable, so that the charged vessel on the turntable will stand 
tmder it centrally. This stirrer is composed of a series of short blades, set 
or bent at a slight inclination to their shaft,*so that they will induce a swirling 
motion in the acid bath, and attached to the lower end of a vertical shaft, k, 
which can be raised high enough above the turntable for the vessel to be 
placed under or removed from beneath it, and lowered so as to rotate in the 
vessel near the bottom. This raising and lowering of the stirrer is effected 
through a bent rod, A', connected with the upper efid of the shaft k, , The 
shah k 0( the stirrer passes through a depending bracket, A*, and is^iroyided 
with a loose pulley and a fast pulley A*,A*, through which, when the stirrer 
is lowered- so that the pulleys are brought together, the stirrer is rotated by 
a belt, the motion being stopped, however, when the shaft Is raised and the 
fast pulley A* removed from the action of the belt. A pin passing thri^h 
the rod A‘ and resting upon a bracket. A*, sustains the sUrrer when rais^. 
It -will, of course, be understood thot the blades of the stirrer and so much 
of its shaft as is liable to be reached by the acids should be made of or covered 
with copper or other metal or composition which will resist the ccsioave 
action of the acids, and the same precaution should be observed in protect- 
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transparent objects hitherto unattainable could be produced 
in large quantities and including the imitations of ivopr, mosaics, 
coral, and amber, he laid the foundation for a "fine” art. It is 
understood that the proportions of nitrating acids found satis¬ 
factory by Hyatt are in the ratio of 50 cc. nitric (sp. gr. 1.47), 100 
cc. nitric (sp. gr. 1.36), 100 cc. sulfuric (sp. gr. 1.84)*and 18 gm. 
finely shredded tissue paper, immersed at a temperature of 55“ 
ing all the surfaces of the apparatus liable to be attacked and impaired by 
the aci^. 

The stirrer being lowered into the charged vessel G and set in motion 
and the acids having been brought to the proper swirl, the flakes of the dis-. 
integrated paper are fed into the vessel at or near the center or vortex of the 
swirl, and subjected to the action of the bath, this stirring operation being 
continued until, by*the action of the acids, the flakes have been thoroughly 
converted into nitrocellulose. The flakes fed into the center or vortex are, 
by the operation of the stirrer blades, thrown outward toward the side of 
the vessel, and their place is supplied by fre,sh flakes fed in at the center until 
the thickness of the mass indicates the limit of the saturating capacity of 
the bath, when the shaft of the stirrer is raised and the turntable rotated, 
carrying the vessel from underneath the stirrer round opposite a whizzer or 
centrifugal machine, consisting of the case 7, firmly secured in position, the 
perforated rotating basket, «, mounted upon the upper end of the vertical 
shaft, by which it is rotated through a pulley on the lower end of the shaft, 
and the removable perforated rotating basket, i', fitting loosely within the 
basket t. 

To transfer the converted flakes from the vessel G a tackle is rigged 
between the turntable and the whizzer, with three .hooks, two on one rope, 
to take into the lugs or fwes on the sides of the vessel, and thereby lift the 
vessel, and one on the otner rope, which takes into the lug or eye near the 
bottom of the vessel to tilt it when raised; and on the oppraite side of the 
whizzer a line is provided, miming through the eye to the lifting tackle, so 
as to draw the raised vessel into proi«r position to be tilted and emptied 
into the removable basket of the whizzer. The whizzer meanwhile hav¬ 
ing been duly set in motion, the surplus acid is rapidly expelled from 
the converted flakes, and passes down between the outer basket * and 
the case of the whizzer to a pipe, which conducts it to the cistern 
or reservoir, from which it may be again pumped up through the supply 
pipes 1,2,3. When the action of the whizzer is completed and the converted 
flakes freed from the surplus acid, the removable basket «'■ is lifted out by 
means of a pair of internal lifting hooks, J, 4, and its contenU dumped 
upon the inclined table K, and into the washing vat L which is supplied , 
with water, and the converted flakes are stirred and washed therein, uiuler 
a constant circulation of water, supplied in any suitable manner and passing 
off through the overfldw I near the top of the vat. From this vat the washed 
mass is removed for further treatment not pertaining to this process, which 
is concluded mth this condition of the hydrated soluble fiber. 

It will be observed that the diameter of the turntable is stmk as to allow 
space for a series of the cemverting vessels G, -he relative position of which 
is such that while one in is readiness to be lifted and its contents dumped 
into the ve^, another is being charged with add, and a third is beneath 
the stirrer, while between the one undar the stirrer and the one at the whizzer 
there is room for sqreral others, so that there may be always a series of vesaels 
that have pas^ the stirrer, ready for being dumped into the whizzer and 
passed again under the supply pipes, and the operation may be thus carried 
on withontm^r intervals between the s^. . . 
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fcr one-half to one hour, the paper increasing in weight by about 
40% during the nitration. The size of the individual pieces is a 
matter of adjustment of the shredding machine, that produced 
to-day being about */f to 1 inch.' Ash determinations made by 
the author’on this pape^gave results of 0.08-0.12%. 

The Svan Apparatus for Paper Nitration. The invention 



of J. Swan* has for its object the manufacture of gudcotton or 
similar nitrocellulose in a practically continuous manner arranged 
so as to minimize manual labor, diminish irregularity in manu- 

1. Analyses made by the author of that grade of paper pyroxylin 
most suitable for lacquers gave nitrocen 11.0-11.2%, ash 1.0%, KI starch 
test at 65°, about 15 minutes; temperature of ignition IZO’-ITS’. 

2. E. P. 21729, 1894; abst. Arms and Explos. 1896, 4, 46; J. S. C. I. 
1895,14, 1062. 
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facture, and decrease exposure of the workmen to deleterious’ 
fumes. The jfrocess is executed by means of the ^apparatus 
shown in Figs. 20G and 207, in which the latter illustration is a 
continuation of the machine shown in tjie former. The paper 
or other form of cellulose is carried on rollers A, thenc* passing 
by guides C to the first nitrating tank 1), through whicH the sheets 
pass and are separated by guides K. They next pass over rollers 
F to the next tank /)-, where they are similarly separated by 
guides E'^, and so on through other tanks if desired. They leave 
the last tank between squeezing rollers G which deliver them to 
a table, H, where they are cut into strips by rotary cutters I and 
fall into a washing tank, /. This tank has agitators K which wash 
the nitrated cellulose and pass it over the partition L upon the 



tray m. from which the water passes by the passage n. I'hc 
various rollers, knives and agitators are actuated by suitable 
driving gear. 

Othe 5 Methods of Paper Nitration. In addition to the 
processes previously descrilied, several other methods have been 
proptosed and devices perfected, which merit attention. The 
method of the Cellujoid Company at Stains near Paris, employs 
paper made from cotton or linen, weighing about 50 gm. per 
sq. cm., which is immersed in the usual manner in concentrated 
nitric acid to which has been added a relatively small proportion 
of sulfuric acid, the nitropaper after esterification, being drained, 
washed with cold and then hot w^ter, treated with dilute aqueous 
ammonia to complete the neutralization, and finally dried. 

A. Miiller-Jacobs* has described a method whereby the 

1. E. p. 27162, 1904; abst. J. .S. C. I. 1903, 24, 260. D. R. H 17#930; 

• ft 
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which afterwards are transformed into explosivesty impregna- 
tiott with oxidizing agents. In the S. Emmeas process, ‘ paper 
or paper pulp is nitrated, in the usual bath, the nitmpaper being 
afterwards steeped in a weak aqueous solution of ammomum 
carbonate until entirely neutral. 

According to V. Pallotti,* a superior smokeless powder called 
by him “Nivea,” results when paper is immersed into a solution 
of 3 parts HjSO, of 66° B4., and 1 part HNO, of 40° B4., and 
the resulting nitrated paper combined with barium nitrate, 
potassium nitrate and sodium carbonate to a homogeneous paste. 

The J. Clouet method’ employs 5 parts of sulfuric acid and 2 
parts nitric acid to each part of tissue paper, all being by weight. 

The E. Zettnow collodion’ is prepared from nitrated paper. 

More recently a process has been brought forth by M. 
Delpy* for the nitration of tissue paper in sheets centrifugally, 
the essence of which consists in placing one or two reels of paper 
above the nitrating basket of the centrifugal machine, which 
are unwound by the force of jets of the nitrating acid directed 
obliquely against one or both surfaces of the paper, something 
similar to a "draw” shot in billiards. The nitrating fluid is 
directed at an inclined angle against the moving strip of paper. 

The details of the apparatus are shown in Fig. 208. 

Selwig and Lange have devized an arrangement for feeding 
paper into the nitrating vessels in the manufactme of nitro- 
cellidosi,* the apparatus consisting of a vertical stem suspended 
from a traveling carriage, which can be adjusted over any of the 
nitrating vessels. At the lower end of the stem is situated a 
reel of paper, the paper from which passes over a guide roll, and 
abst. Wag. Jahr. 1906, 52, I, 481; Chem. Centr. 1906, 77, 11, 1151; C. A. 

1907, 1, 962. U. S. P. 777125, 1904; abst. J. S. C. 1. 1906, 25, 44; Tech. 
Chem. Jahr. 1904, 27, 199. P. P. 348807, 1904; abst. Chem. Zts. 1908, 4, 

184; Mon. Sci. 1906, S5, 60. 

1. E. P. 3852,1890; abst. J. S. C. I. 1891, 1», 484. ■> 

2. Ital. P. 34559, 1893. 

3. BfiU. Soc. Rouen 1877, 5, 36; abst. Dingl. Poly. 1877, 221, 646; 

Jahr. Chem. 1877, JO, 1223. 

4. Pogg. Ann. 1871, 144, 310; abst. Jahr. Chem. 1871, 24, 1123; Amer. 
Chemist, 1872,2, 354; Poly. Centr. 1872, ft, 191; J. C. S. 1872, 25, 337. 

6. F. P. 458558, 1913; D. R. P. 256788, 1912; abst. J. S. C. 1. 1913, 

S2, 1063; C. A. 1913, 7, 2116; Chem. ZenW. 1913, 14, I, 1080; Chem. Ztf. 

Rep. 1913, S7,144; Wag. Jahr. 1913, 50, 1. 438. 

6. P. P. 409220, 1909; abst. J. S. C. I. 1910, 20, 751; Mon. Sd. 1910, 
7J.295. 
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'tietween a pair of guide rolls also carried between the stem. The 
drawing rolls are operated by means of a belt driven by an elec¬ 
tric motor mounted at the upper end of the vertical An 

oscillatory motion may be imparted to the stem if desired. 

Masson, Roberts and CiOiard have described an arrange¬ 
ment for the nitraticm of 500 kilos of paper per lO-bour day,* 
consisting of a series of pots arranged in a circle rdlmd one or 




• Fio. 208. — Dsi.py Papsr Nitration Apparatus 


more centrifugals. The nitration period per pot is given as 50* 
minutes, of which.the unwinding of the paper consumes 10, the 
nitratioo 30, and the hydroextraction 10 minutes. Operating 
in this manner with a charge of 5 kilos per pot, 60 kilcM of paper 
may be esterified per day. The pots are ^ mm. diameter and 
900 mm. high, and are provided at their base with a tap. The 
layout of a single unit comprize^ 8 nitrating pots, two centrally 
located centrifugals, and two vats each for preliminary washing 
1. “Cdhdoid," 1912,63. 
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and for washing proper, each vat being 1.5 m. long, 1 m. wide 
and 0.9 m. high for the two former, and 5 m., 2 m., and 0.9 m., 
respectively, for the dimensions of the latte** vafs. Where the 
battery system of nif.ration is in use, a single paper unwinding 
apparatus is employed, which includes a light framework at¬ 
tached to the ceiling of the nitrating house, by means of a pivot 
placed above the pots. In addition, a uni* as above contains 5 
tanks each of 12,000 liters capacity for the storage of fresh and 
spent aci3, one or two of the tanks being jacketed to allow of 
cooling or heating the nitrating mixtures. An exhaust fan and 
air compressor with its store of compressed air is also provided. 

Manufacture of Nitrolignin. The preparation of wood pulp 
for nitration has been detailed on pages 293-324, and the his¬ 
torical aspects of the development of the nitrolignins has been 
touched upon on pages 1808-1815. The first successful attempt 
to nitrate lignin on a commercial scale was probably made by 
E. Schultze in 1804 in England, where manufacture has been 
carried on uninterruptedly until the present time. 

In sporting and bulk small arms powders nitrolignin is ex¬ 
tensively used in the United .States, as welt as in England and 
on the Continent, and while the percentage yield on nitration is 
inferior as compared to the nitration o{ cotton under similar 
conditions, the initial cost ol the raw material is also lower. One 
factor which undoubtedly militated against the wider use of the 
nitrated lignocelluloses has been the difficulty of purifying the 
lignin before esterification, and also the unusually large losses of 
product in the various processes of washing incident to stabiliza¬ 
tion. 

Difficulty in purification of the raw material is pecessarily 
reflected in a corresponding difficulty in rendering" the product 
sufficiently stable. This fact, perhaps more than any other, has, 
up to the present, deterred Governmental adoption of nitrolignin 
as an official propellent powder for army and navy purposes, 
all ofilcial powders—so far as aware—at the present time being 
manufactured, are produced from some form of cotton cellulose. 

At the present.time when solvents are so expensive, efforts 
are made to produce nitrocelluloses for use in the peaceful arts of 
minimum viscosity in order to conserve solvents. As is well 
known, lignin gives less viscous nitrates than cotton—a point in 
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favor of the former. During the recent war immense amounts 
of lignin were esterified for smokeless powder manufacture in 
Germany, anci lignin also—after purification by solution in con¬ 
centrated HCl and precipitation (see page 92)—were utilized 
for acetation in the preparation of dope for airplane wing coating. 

Apparently insufficient attention has been giveft to the 
selection of the wood pulp for nitration, and the influence of the 
physical condition of the lignin upon the finished nitrated product. 
Whereas an immense amount of painstaking investigation has 
been expended upon the selection and preparation of cellulose 
(cotton) for nitration, so far as published results would indicate, 
there is a pauci^ of information upon the subject of lignin puri¬ 
fication and selection, and the bearing of the physical constants 
of the purified wood pulp upon the stability of the finished nitrated 
wocxl. 

In the method as originally evolved by 15. Schultze, the wood 
was cut into small grains somewhat resembling coarse sawdust, 
boiled several times with dilute sotlium carbonate solution in 
order to saponify resinous constituents, then washed to remove 
alkali, carefully bleached, and afterwards treated with nitric and 
sulfuric acids. The neutralized nitrolignin was usually incor¬ 
porated with a solutiqp of bariunl or other nitrate to supply the 
deficiency in oxygen for ideal combustion, carefully dried and 
granulated. Later improvements were along the lines of decreas¬ 
ing the dust from the grinding operations of mixing with inorganic 
nitrates, by means of hydraulic pressure, the cake formed being 
then disintegrated and broken up into grains of suitable* size by 
means of crushing rollers. Granulation was usually induced by 
moistenit^ the impalpable powder and revolving in barrels, the 
mass being afterwards sifted in order to obtain grains of the 
desired size. 

The method of the Smokeless Powder Co. in England for 
the preparation of nitrolignin was to take wood pulp such as is 
used in the manufacture of paper by the soda or sulfite method 
(the latter being generally adopted for the manufacture of nitro¬ 
cellulose because it is softer, more fluffy and porous, and hence 
more readily penetrated by the pitrating acids than soda pulp). 
This material is received from the paper mills in sheets or 
rolls about 0.05 inch thick, and tear it by hand or mechanically 
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into small pieces of alxmt two square inches area. The material 
'was then passed through a disintegrator to open up the com¬ 
pacted hbprs and make the mass more absoytive for acids. The 
division into small pieces, and also the openmg up of the fibers is 
done in one operation Ijy passing through a stoutly built machine 
consisting of a revolving cylinder on which are mounted pro¬ 
jections, the revolving projections passing, between similar im- 
moval ones attached to a stationary arc concentric to the moving 
cylinder. * 

The operation gives rise to a considerable amount of dust, 
on account of the comparatively short length of the fibers. The 
wood pulp is dried before nitration in a manner similar to that 
described for cotton (see pp. 634-642). For tke manufacture of 
nitrolignin the pot, pan and centrifugal "methods as previously 
described have been used. 

In the pot method of nitration which was carried out for 
many years at the plant of the Smokeless Powder Co., the pots 
were made of stoneware, and were about 12 in. in diameter and 
8 in. deep, the acids employed consisting of the usual mixture of 
three parts of strong sulfiuic acid to one part of concentrated nitric 
acid. Into each pot 15 lbs. of mixed acid was run, and the pots 
placed in pits through which cold water circulated. One pound of 
wood pulp was added to tho acid charge in each pot, a little at a 
time, a workman immersing the pulp by means of a long iron rod, 
at the end of which is affixed a perforated disc about 4 inches in 
diameter. 

Ok account of the small weight of acids used relative to the 
cellulose the temperature was liable to abnormal rise, and under 
the most favorable conditions, the nitration was usually accom-. 
panied by considerable fumes. The wood pulp was allowed to 
remain in the acids 4 to 6 hours, and then the contents of the 
pots were emptied into a centrifugal, the acids extracted, and the 
nitrocellulose then removed from the centrifUgal and thrpwn into 
drowning tanks. The nitrocellulose produced was qtlite soluble 
in acetone, had a nitrogen content of about 12.8%, and a solu¬ 
bility in ether-alcohol dose to 20%. After the addition of nitric 
acid the spent adds were again used, this time to produce a nitro¬ 
cellulose of about 11.5% nitro^. The adds extracted from the 
nitraticm of this latter product were denitrated and concentrated. 



NtntAnoN OI> CSLLVLOSB 


2053 


As in the nitration of cotton, the pot method may be considered* 
as a process nr which the ratio of weight of acids to cellulose is 
comparatively small. 

The process of purification adopted,for nitro-wood pulp is 
generally on the same lines as for nitrocotton, although the 
Smokeless Powder Co. used heavy edge-runners in plSice of rag- 
engines or beaters for breaking up the nitrated fibers into pulp, 
a method covered by a patent granted to S. Mackie in 1872.* 

The author in July, 1919 inspected the factory of the West- 
falische Anhaltische Sprengstoff A. G. at Troisdorf, Germany, 
where nitrolignin was being manufactured. In the method 
employed the wo^ pulp in rolls similar to that of paper was first 
dried by being placed in a room at 45“-60° for several we^s if 
possible, and until the moisture content had been reduced to under 
3%, when it was passed through a disintegrating machine which 
shredded it into unequal pieces of about one square inch area. 
From the disintegrator it was immediately weighed into batches, 
and, after cooling, placed in a Selwig & Lange nitrating centrifugal 
with acid circulation and subjected to a 20-minute nitration, the 
basket being rotated at a speed of .35 to 45 r. p. m. From the 
nitrator the material ypas immediately plunged into a large bulk 
of cold water, stirred by hand at intervals for a half to one hom, 
then submitted to a preliminary boiling in wooden tubs without 
stirring device. The boiling operation consisted of a series of 
treatments with hot water imtil the free acid had substantially 
all been removed. * 

The acid boil was followed by a beating treatment in hol- 
landers supilar to those already described, except that due to the 
softness of the fiber as compared with cotton, disintegration takes 
place much more readily, and the period of pulping is correspond¬ 
ingly reduced. Frqpi the pulper by means of pumps, the mass 
is transferred to the poachers where blending and further purifica¬ 
tion ensues by means of a series of washings, during which the 
contents of the poacher is mechanically agitated. The now suffi¬ 
ciently pmrified nitrated lignin is hydroextracted, and either 
alcohol-dehydrated centrifugally yr directly mixed with alcohol, 

1. E. P. 2693, 1872; abst. Ber. 1874, 7, 741; Dingl. Poly. 1874, 2U, 
174; Pdy. Centr. 1874, M, 789; Bayr. Ind. Gewerhl. 1874,276; Chem. Tech. 
MiWi. 1874-1875,218, 
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camphor and the-other ingredients entering into the manufacture 
of pyroxylip plastics similar to celluloid. > " 

C. Claessen' prepares cellulose for nitration by subjecting the 
latter to a merccrizatlon treatment by means of sodium hydroxide, 
or^ the dtied cellulose pulp is rolled and pressed, and the compressed 
material reduced to a fine state of subdivision by a suitable wood¬ 
working machine. A uniform porous substance is said to be 
thus obtained, which can be nitrated in the usual manner. 

0. Kress and S. Wells’ have deseribed the preparation of 
pulp from cotton linters. The explosive of G. Peters and M. 
Tindsley,’ especially applicable to blasting, is composed of 10% 
nitrated wood fiber with ammonium nitrate, nitrobenzene, CaCOs 
and NaCl. The development of nitrolignin powders is treated 
in detail in Volume VII of this series. 

Efficiency of Various Nitration Methods. 'Phe relative 
efficiency of various classes of nitration methods depends upon a 
number of not clearly defined factors, and in order to be able to 
arrive at tangible and intelligible comparisons, labor costs, prices 
of raw materials and other economic conditions arc important 
factors for consideration, so as to arrive at generalizations 
fruitful for discussion. 

Inasmuch as, roughly speaking, one-third of the cost of 
manufacture of nitrocellulose is represented by the acid consumed 
or lost in nitration, of which, only about one-half of the monetary 
value of the acid combines with the cellulose, it is obvious that 
here is a most important field for attempting to reduce costs of 
production, and also of differentiating between the efficiency of 
one general process over another. The acid losses in nitration 
are either “chemical” or “mechaliical,” the former representing 
< nitrogen in combination with the cellulose, and the latter indi¬ 
cating the acid adhering to the nitrated cellulose after the acid 
wring, and hence not recovered. In endeavoring to base relative 
nitrating efficiencies, it must be remembered that flie higher 
the cellulose nitrate produced, the greater tlie nitric acid con¬ 
sumed in combination. For instance, nitrocellulose for celluloid 

1. D. R. P. 298418, 1915: abst. J. S. C. I. 1920, 38 , 409-A. See Arnls 

and Expl. 1896, 4 , 126. • 

2. D. R. P. 300069, 1915; abst. J. S. C. I. 1920, $9,439-A. 

3. Paper, 1920. 2$, 320; abst. C. A. 1920, 14 , 2082. 

4. U. S. P. 904273, 1911; abst. C. A. 1911, 8 , 25.57; Mon. Sci. 1912, 
77 , 32; Ck.-m. Ztg. Rep. 1911, 88 , 550; J. S. C. I. 1911, 80 , 926. 
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manufacture contains about 10.79c N only, and in producing 1(X7 
lbs. of such a cellulose nitrate, 4.S.2 lbs. of absolute ^nitric acid 
is used as nitrogen. A nitric ester of N such as is used in 
the preparation of pyroxylin lacquers ^nd bronzing solutions', 
requires 54 lbs. HNOs as N. • 

Other losses being designated as mechanical, if is evident 
that the major mechanical loss is in the quantity of acid adhering 
to the nitrated cotton, this amount l)eing influenced by the physi¬ 
cal condition of the nitrocellulose as to whether soft, hard, porous 
or spong>', and to the construction of the number, spacing and 
diameter of the holes in the wringing basket as well as the time 
and speed of wringing. In the ordinary centrifugalization of 
spent acid, the nitrocellulose retains about its own weight of 
acid, which for purposes of calculation may be considered as of 
the same strength as the extracted acids, and as has been men¬ 
tioned, are lost in the wash waters of the drowning tank. 

The extracted acids of the pot, tank and centrifugal methods 
may be revivified, so that with these methods there is seldom need 
to rearver by denitration and concentration. On the other liand, 
with the Abel method, the extracted acids are too weak for 
profitable fortification, and must be rctwered by concentration. 
.Similarly with the displacement process, there is a loss of acids 
that are too weak for concentration, and in addition, there is an 
amount of acid too weak for recuperation, but which must be 
denitrated and distilled. The amount of such acid in this process 
depends primarily on the gravity at which the cutoff from recov¬ 
erable to waste acid is taken. 

Careful factory exjierimentations have indicated that there 
is a direct relation between the total quantity of acid retained 
in the nitrocellulose as such after wringing, and the nitrogen 
content, the higher the nitrogen in the nitrocellulose, the less acid 
is physically retained upon wringing. The probable explanation 
of the above is undoubtedly in the texture of the various nitro- 
celluloses, and their comparative receptivity for fluidsf Pyrox¬ 
ylins of low nitrogen content are usually spongy and soft to the 
feel, in contradistinction to the hard feeling guncottons. The 
more gelatinous the nitrocotton,*the greater weight of acid it is 
capable of mechanically retaining. An additional significant fact 
has been observed, viz., that due to this difference in absorptive 
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pSower for waste acid, usually the higher nitrogen nitrocottons 
are a trifle less expensive to produce as conjpared with those 
cellulose nitrates of 10.7%-10.9% nitrogen. 

There is no doubt byt what flujffy or pilled cotton fiber causes 
a smaller/amount of acid to be retained than matted fiber, although 
the latter. While packing more closely in the wringing basket, 
yet is sufficiently non-gelatinous to readily permit the removal 
of the acid* and in a much shorter period of wringing. 

The method of wringing exerts an important effect upon the 
amount of acid recoverable, and is influenced by the (1) per¬ 
ipheral speed of the wringer, (2) the period of wringing, which is 
adjusted to the type of nitrocotton produced, and is continued 
until the power required is equal to or less than the value of acid 
obtained; (3) the size, number, and smoothness of the wringer 
basket perforations. If the perforations are too few, a longer 
time is required; if too large, loss of nitrocellulose takes place; 
if too rough, they become readily stopped up, and the removal 
of acid is correspondingly impeded and diminished. 

A point of importance, secondary only to the question of 
acid retention by nitrocellulose, is the loss of acid by fumes. In 
this, the displacement process is the superior with the minimum 
loss, fuming of being unknown this method of cotton nitration. 
In centrifugal nitration with continuous acid circulation there is 
probably a lower loss from fumes than in the pot or hand nitra¬ 
tion proce.sses. 

The* quantity of fumes normally evolved in any nitration 
operation is controlled by the factors of nitration temperature, 
duration of esterification, method and speed of agitation (if any), 
variety and physical condition of the cellulose being-esterified, 

. and the percentage of nitric acid in the mixtm^. New acid baths 
fume less, as a general thing, than baths made from acid once 
or several times used. Diminished agitation of the cotton causes 
an increase in fumes evolved. High nitric nitrating mixtures 
evolve fumes more copiously than those nitrating mixtures low 
in nitric. Moisture in the cellulose is also a factor, since mois¬ 
ture raises the temperature of the nitrating bath and increases 
fume evolution. * 

Whereas in the Abel method, or those methods of hand 
dipping ^milar to that of Abel, the arduous work made thf labor 
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diarges high, while, owing to the small proportion of acid left 
after squeezing, there were frequent decompositions in the pots 
with heavy evolution of nitrous fumes, and consequent loss of 
material, i. e., a diminished yield of finished prdUuct. The 
maintenance charges were also considerable, but the long steeping 
in a small proportion of acid of low nitric acid contend had the 
advantage that the resulting waste acid had a very low percentage 
of HNOi, and the consequent loss of this comparatively costly 
material in the drowning operation was therefore kept down to a 
minimum. 

The Nobel’s Explosives Co. Ardeer method was a con¬ 
siderable advance on the Abel method, inasmuch as the nitration 
was carried out in one stage and with large units, less labor 
was required and the operation developed less fumes. The 
substitution of iron for earthenware pots materially reduced 
maintenance charges due to decreased breakage, while by keeping 
the percentage of nitric acid in the mixed acid low, and con¬ 
ducting a suitably long steeping, the main points of advantage of 
the Abel method were still retained. 

In the nitrating centrifugal method the cost of convejdng 
the pots or tanks to the centrifugal is saved, and there may be 
some advantage from the slow circulation of the acid during 
nitration, but the wSar and tear on the centrifugals is heavy, 
maintenance charges are high, and in order to obviate employing 
a prohibitive number of wringers, the time of steeping must 
be short thus necessitating a high percentage of nitric acid in 
the mixed acid. , 

The loss of nitric acid on drowning is, therefore, considerable, 
and this is accentuated by the very high proportion of mixed 
add whilh must be used in order to fill up the space between 
the wringer basket and the enclosing casing, about 40% of the, 
total being required for this purpose. In those methods in which 
centrifugals are rAjuired to recover the waste acid, and as the 
proportion of the latter which is retained by the nitrocotton after 
whizzing cannot be reduced much below one part of acid per 
. part of nitrocotton (both by weight), there is considerable loss 
on drowning. While it is true that the proportion of nitric add 
retained by the nitrocotton may 4)e reduced by spraying the nitro¬ 
cotton while stiU revolving in the basket with sulfuric add as 
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detailed elsewhere in this chapter, there are certain manipulative 
disadvantages encountered in this method of treatment. 

As nq centrifugals or drowning tanks are Aqwred in the 
displacement method^ and the charges for power and water are 
much reduced, itjollow/; that considerably less labor is necessary, 
there is <ess loss by decomposition, and the maintenance charges 
are lighter.’ A further advantage of this process is tlAt the nitro- 
cotton is more easjly stabilized, doubtless due to the hydrolytic 
action of the hot zone of dilute acid, to which the nitrocotton is 
exposed during the displacement. One disadvantage however, 
attached to this method is that a large proportion of weak waste 
acid is prcxluced .which has to be recovered ^by redistillation. 
In general, however, this method compares favorably with the 
other methods as to the cost of manufacture. During the past 
war, especially in Great Britain, this method was carried out 
in many factories by female lab(jr alone, i. e., at Gretna. 

In addition to the nitrating conditions, the general efficiency 
of a nitrating process, or rather the relative efficiency of a given 
process as carried out .at a particular factory, depends upon the 
facilities available for the treatment of the waste acid, and this 
again, is dependent upon the output of the plant in a given period. 
In every case where the recovery is eflicienf there will be produced 
more waste acid than is required for fortification purposes into 
nitrating acid again to maintain the output of nitrocotton of 
desired acid content in nitrogen, and it will be necessary to recover 
the nitric and sulfuric acids from the remainder by distillation 
and concentration. 

'fhe proportion which can be economically again revivified 
depends upon the degree of concentration .of the fresh acids used. 
In the fcarly days of the art ordinary sulfuric acid alone was 
'■ available for this purpose, but the pre.sent employment of oleum 
has considerably increased the proportion which can be recovered 
with profit. ^ 

From the above points it will be readily seen that a compre¬ 
hensive ahd accurate statement of the superiority or inferiority 
of one process over .another is difficult, unless a large number of 
factors are taken into intelligent consideration, and comparisons 
are based upon a particular type of nitrocotton to be produced 
at a stated temperature in a nitrating bath of pre-determined 
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composition. 

The following table of the principal data in connection witt 
the comparisoft of the four general processes of nitratiog previously 
described, is given by Marshall; , 


Details of the Process 

Waltham 

Abbey 

Abel 

-^ 

Ardeer 

Direct 

Dipping 

Dartford 
Nitrating , 
Centrifugal 

Waltham 

•Abbey 

Displace¬ 

ment 

Acids, Analysis: 

H^S04. 

74 0 

7.5 0 

09 tlf) 

70 5 

UNO,. 

18 0 

15.75 

23 15 

21.0 

HNO,. 

o.« 

1 3 


0.0 

H,0. 

7.4 

7.05 

7 f' . 

7.9 

Quantity, lbs.,. ». 

13 75 

127 

800-1100 

0.50 

Cotton waste, lbs. 

IK 

454 

16-24 

20 

Acid per lb. cotton . 

11.0 

28.2 

50 0 

32.5 

Time of nitration, hours. . 

12 

12 

1 

.254 

Yield on dry cotton, 

1G4 

1.50 

100 

170 

Output per man per week, lb 

458 

1112 

3000 

1742 



(Approximately) 


In a summary issued by the British Government, the follow¬ 
ing figures are compiled as to the materials required for one ton 
(2200 lbs.) of nitrocellulose as made during the entire year 1917 
at three of H. M. Explosives Factories: 


TABLE CXLVI.—M4TERIAI25 REQUIRED FOR ONE TON OF 
NITROCELLULOSE 



Nortnai Ua-ois 

Oltimate Basis 

Cotton Waste 

Nitric 

Acid 


Cotluti Waste 

Sodium 

Nitrate 

Sulfuric 

Acid 

Gross 

Net 

Acid 

Gross 

Net 

Gretna . f.. 
Queen'sFerry 
Pembrey. . 

0 700 
0 005 
0 700 
0 690 

0 644 
0 014 
0 630 
0 6112 

0 808 
0 814 
0 907 
0 843 

0 527 
0 585 
0 967 

0.088 
0 672 
0 6)41 

0 010 
0 617 
0.626 

1.210 

1.073 

1 1.57 

1.763 

1.484 

1.781 

Average.... 

0 603 

0 681 

0 621 

1.147 

1.676 


Preliminary Washing of Nitrated Cellulose. The first 
operation after nitration by hand, pot or centrifugal, is the proc¬ 
ess of quickly eliminating the bulk of acid adhering methanically 
to the nitrated cellulose, and this operaticsa is conducted with 
maximum speed. Guncotton, previous to the firs; washing, ia 
exceedingly easily inclined to autocombustion, and this reaction 
is accompanied by a violent evolution of acid vapor, followed by 

O 
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y-a total destruction of the nitrated product. This phcnomencm 
' is caused by the acid residues remaining in the capillary filaments 
of the nitiocotton, and which are not removed by* the Centrifugal 
wringing. . 

It is, therefore, imperative to remove the nitrated cotton from 
the inflflence of the atmosphere as quickly as possible by plunging 
it into a large bulk of cold water and stirring until *1116 product 
is uniformly disseminated and diluted by the mass of water. 
This operation, technically known as "drowning" or "sousing,” 
is designed merely to dilute the adhering nitrating add as quickly 
as possible, and reduce the temperature of the mass. 

Where it is desired to automatically transport the nitrated 
cotton from the centrifugals to the wash-house, the hydraulic 
guncotton conveyor of Selwig & Lange, as shown in Fig. 209, 
may be used. It is erected close to the nitrating centrifugal' 
and consists primarily of an aluminium or earthenware funnel 
250 mm. wide, into which water enters through an opening below 
the upper rim in sufficient quantity (400-500 1. per minute) and 
at regular pressme. The funnel is connected below by a siphon¬ 
shaped elbow-pipe to a slightly inclined pipe also 250 mm. wide, 
while to the top of the conveyor is fitted a fume hood from which 
the add fumes are drawn by the exhaustei;. 

After being squeezed out the nitrated material is removed 
by means of tongs from the centrifugal to the conveyor, where 
it meets with a sufficient stream of water, which transports it 
through the conveyor pipes in any desired direction. 

Generally eadi conveyor pipe discharges into a tank with 
perforated false bottom for the collection and preliminary washing 
of the nitrated material, otherwise th? conveyor pipes from 
several apparatus may be all connected with one outflow pipe 
* and discharge into a common receptacle. 

The guncotton conveyor, in addition to being used for the 
hydraulic transportation of nitrated materid wrung out of 
acid centrifugal, may also be used for the transportation of ma¬ 
terial winch has already undergone preliminary washing. 

More recently’, this firm has devized a gimcotton washing 

1. U. S. P. 638647. 1899; B. ,P. 11929, 1899; D. R. P. 107923; abst. 
I. S. C. I. 1899, II, 636; 1900, U, 4«2. 689; Chem. Centr. 1900, tX, I, 1062; 
Wag. Jahr, 1900,^ 1,394. 

2. U. S. P. 1211450. 1917; abst. J. S. C. 1.1917, M, 288. 
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apparatus in which the material is washed by passing it along a 
conveying fubc into which, in two different places,, i^ater is sup¬ 
plied tangentially and, obliquely downwards in the direction in 
which the guncotton is.moving. Between the two water inlets 
is a chaifiber provided with a perforated wall forming part of the 
conveying tube; tlie wash water passes through the perforations 
to a drainage pipe outside. 

At Waltham Abbey, England, it is understood this method 
of transportation has been tried, but with unfavorable results, 
although an apparently simple and practical method of transporta¬ 
tion, presumably l^ecause it was found impossible, or impracticable 
to bring the guncotton quickly enough into contact with a suffi¬ 
ciently large volume of cold water, the quality of the product 
often suffering as a result, and an unusually large amount of 
water being required for the method to operate efficiently. 

Irrespective of the method employed, the object is to cool 
and dilute the nitrocellulose mass with its adhering nitric and 
sulfuric acids as quickly and efficiently as possible. From the 
nitrating apparatus after wringing or squeezing, the nitrocotton 
is dumped or transported to large wooden tanks filled with running 
cold water, preferably sand or sponge filtered, where the material 
is broken up by hand by means of long wooden paddles, a contin¬ 
uous stream of cold water being maintained by means of over¬ 
flow plugs. After the nitrocotton has been so thoroughly washed 
in this manner that a piece withdrawn and squeezed in the hand 
tastes But faintly acid, the water is allowed to run off throu^ 
a false bottom and wrung out in a centrifugal machine, or where 
possible, the last wash water is allowed to remain on the gun¬ 
cotton for several hours or better, over night, to extract the 
‘ maximum of acid from the central canal of the cotton filament. 

At this point the yield of the nitrating process is often con¬ 
veniently determined by emptying the contents of a known num¬ 
ber of pots or wringers in one vat, and after the preliminary 
washing bs above followed by wringing, the entire product is 
placed in a tared ynck and weighed, a representative samjfle 
being withdrawn for moisture determination. By this means.it 
is possible to readily obtain the yield daily. In wringing nitro¬ 
cellulose for determination of yield in the manner above indicated, 
it is useful to have a pipe with spray nozzle enter the wringer from 
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the top, so that during the rotation of the machine a heavy stream 
of water cons);antiy sprays on the nitrocotton packed against the 
periphery of the basket. In this manner the acid coiftent of the 
nitrocellulose (expressed on the dry basi^) can, by 20 minutes 
rotation, be reduced to less than 0.2'/;. * ^ 

The apparatus of E. Loomis,' is adapted to mix nitrocellulose 
with water for the purpose of washing it, and conveying by a 
current of water. The material is suspended in a body of water, 
and passed out from the mixing apparatus through a tangential 
outlet. 

F. du Pont has found’ that when nitrocotton or similar .sub¬ 
stance is immersed in water which is in contact with air, and the 
whole agitated under pressure, causing solution of the air. 'fhe 
pressure is suddenly released causing the air to expand violently, 
dislodging impurities from the substance, and acting as nascent 
oxygen in oxidizing nitrous compounds to nitric compounds. 

A variation of the method is to shower a mixture of water 
and nitrocellulose through compressed air, and to suddenly 
release the pressure from the mixture collected. 

The Polytcchnisclies Notizblatt’ recommend an “improve¬ 
ment” in the manufacture of guncotton, consisting in removing 
the acid only superficmlly, and then allowing it to lie "for a few 
days in the air” (perhaps? to ripen, mellow, mature or develo]) 
bouquet) before washing it free from acid. E. Schcring^ washes 
and bleaches at the .same time by means of weak sulfurous acid 
in the wash water. It is stated that his cclloidin for histological 
imbedding purposes is prepared in this manner. 

J. Flack has developed an apparatus for drowning, washing 
and conveying nitrated cellulose shown in Figs. 210 and 211, 
which combines an elongated, shallow trough for the wash water, ^ 
a stationary false bottom in the trough having its end spaced 
from the inlet and> outlet ends of the trough, a device located 

1. U. S. P. i;i24744, li)19; abst C. A. IU20, 14, 4fi8. 

2. V. S. P. 648147, lOOO, 724(«2, 1903; 7627,57, 1904; abst, J. A. C. S. 
1903, ZSR, .520; J. S. C. I. 1903, 22, .572; Mon. Sci. 1903, SS, t63; Chem. 
Zts. 1904, 3, 14. U. S. P. Re. 110.51, 1898 

3. Poly. Notiz. 1880, 3S, 287; abst. Wag. Jahr. 1880, 28, 374; Chem, 
Ztg. 1880, 4, 669; Chem, Tech. Rep. 1880, M, I, .340. 

4. E. P. 4771, 1877; abst. J. A.C. S. 1879, 1, 175; Chem. Ind. 1878, 
1, .368; abst. Ber. 1879, 12, 310; Dingl. Poly. 1879, 231, 94; Wag. Jahr. 1879, 
2S, 420; Zts. Chem, Grossgewerbe, 1878, 3, 800; Poly. NotizbI. 1879, 3», 15; 
Chem, Tech. Rep, 1878, 17, 11, 166; Jahr. Chem. 1878, 31, 368. 
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between for causing a movement of the water carrying the material 
towards the discharge end of the trough above the false bottom. 
After immersing and washing the nitrocellulose, the water is 
returned towajds the mlet end below the false bottom, a screen 
being aifanged at the discharge end to be a continuation of the 
false bottom for intercepting the cellulose material* yet permitting 
the water to pass, as well as a return passage for the water leading 
from the discharge end of the trough to the inlet end.‘ 

The Flack apparatus seeks to reduce to a minimum the 



Pio. 210.— Flack Guncotton Washer 


amount of water required, this being an adverse point m the use 
of this process of washing in general, the nitrated cellulose, how¬ 
ever, being efficiently washed and simultaneously conveyed to 
the delivery point without undue waste of water. , “ 

Gebrttder Heine manufacture an apparatus for washing the 
nitrocotfen and also filtering the waste waters from grmcotton 
factories, comprizing a non-perforated drum with inner filter. 
The liquid to be filtered (containing solids in suspen^on) is placed 
in the non-perforated drum, the suspended material lodging against 

1. U. S. P. 1280981, 1918; Can. P. 183184, 1918; abst. C. A. 1018, 
12, 1348; 1919, 13, 76; J. S. C. I. 1019, 18, 29-A, 
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the side under the influence of’centrifugal force, while the clear 
liquid is discharged through the central filter, through the core 
of the wringer. The dear liquid then runs through a suitable 
trough. When the circular section between the filter and walls 
of the drum is full of solid matter, it is cleaned out. 

Selwig & Lange have constructed a guncotton floating appa¬ 



ratus* consisting in the main, of a stoneware fimnel with widened 
lower part, connected with a stoneware pipe line of 250 mm. 
width, with a 2% fall. The pipe may also be advantageously 
constructed of aluminium. The water enters the upper part of 
the funnel at the rate of 350-450 liters per minute. The apparatus 
is covered with a hood by which the vapors are carried off with 

1. D. R. P. 107923; abst. Chem. Centr. 1900, 71,1, 1052; Wag. Jahr 
1900, M, I, 394. 
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the assistance of a fan. Severa\ of the floating devices may be 
connected to the same pipe line. 

G. Clark* in order to free pyroxylin from excess of acid, 
added an excess of sodium carbonate or bicarbonate to the wash 
water; while H. Anthcfny recommended ammonia for the same 
purpose^ bpt C. Weber® with others has found that the addition of 
ammonia to acid nitrocellulose is prone to explode, possibly 
induced by the* inflammability of the ammonium nitrate formed 
thereon and therein. E. Hesketh and A. Marcet* render the 
wash water alkaline with soda ash, then tint it with litmus so that 
any acidity may be readily seen. The process would require 
some litmus for operation on a factory scale. i 

The apparatus of the Vereinigte Koln-Rottweiler Pulver- 
fabriken* advize, instead ^of washing the nitrocellulose by dis¬ 
placing the nitrogen acids by water, to cause the nitrocotton to 
travel slowly through the layer of water. Risk of mixing the 
acids and water is thus minimized, llie method of E. Van 
Schendel® is somewhat similar. 

It has been stated that the higher the ratio of sulfuric acid 
to nitric acid in the nitrating bath, the more difficult it is to entirely 
free the nitrocellulose from acid, but there are other contributory 
factors which influence the difficulty of entire acid removal 
from nitrocotton. It appears that the lower nitrated cottons 
are more readily washed free from acid than those esters of higher 
nitration, but here again there are several modifying clauses 
necessary to this generalization, for it has been found that with 
low temperature of nitrating bath and high sulfuric acid content, 
the so-called “gelatinized” or “slimy” nitrocelluloses are formed 
which are very difficult to wash. • , . 

At the present time it is pretty well recognized that the 

1. E. P. 3408, 1808; abst. Mon. Sci. 1870, 12, 03; Dent. Inclustriezlg. 
1870, 48; Wag. Jahr. 1870, 16, 217. 

2. U. S. P. 14380.'>. 1873; abst. Amer. Chemist; 1874, 4, 279. 

3. J. S. C. I. 1893, 12, 117. abst. Zts. ang. Chem. 1893, 6, 40,5* Chem. 
Centr. 1893, 64, 1, 7.58; Jahr. Chem. 1893, 46, 888; Chem. Ztg. 1893, 17, 
248, 1004; Chem. Ztg. Rep. 1893, 17, 88; Chem. Tech. Rep. 1893, 32, I, 
238; Wag, Jahr. 1893, 39, 428; Her. 1893, 26, 327-R; Meyer Jahr Chem. 
1893, 3, 249, 307; Industricbl. 1893, 1.58; Tech. Chem. Jahr. 1892-3, IS, 
171; Drag, Circ. 1893,'2.51; Proc. Amer. Pharm. As,soc. 1893, 41, 441; 1894, 
42, 1200; Pharm. Ztg. 1893, 7.5.5. L, Paget, E. P. 7277, 1893; abst. J. S. C. I. 
1893, 12, 620. 

4. E. P. 3773, 1893. 

5. D. R. P. 307120, 1918; abst. J. S. C. I. 1920, 39,282-A. 

6. Belg. P. 200893, 1907. 
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adcUtion of alkali, either volatife or non-volatile, is not good, 
practice, and also that ultimate stability is best insured by con¬ 
ducting the earlier washing operations in an acid solutian. With 
cold water washing, although cimsiderablc more time is required 
to arrive at a predetermined stability as compared with hot 
water washing, the color of the neutral nitrocellulose is^ appre¬ 
ciably lighter, and in some factories where hand nitration of paper 
is still carried on for the preparation of high class, water-white 
lacquers for the coating of silverware, cold water washing is still 
resorted to. 

Utilization of Wash Water. As far back as 1878 was 
realized the possibility of utilizing the water from washing the 
acid nitrated cellulose, for in that year V. Tribouillet and L. 
de Besauncele' obtained patent protection for a metluxi of using 
the acid wash liquors from the manufacture of pyroxylin in 
making oxalic acid. It was also proposed to obtain dextrin in 
the same manner. The subject at the time, however, apparently 
excited but little attention, and it is only recently, that due to the 
issuance of several patented processes along this line, interest 
has again been aroused. 

In the method as put forth by J. Umbach,^ the nitrocellulose 
after centrifugalizing oppressing, is agitated with a solution of an 
alkali such as ammonia, and the mixed ammonium sulfate and 
nitrate washed out, evaporated to dryness, and cither used direct 
as a fertilizer, or separated by fractional crystallization._ Accord¬ 
ing to the patentee, up to 9,)% of the acid remaining in the nitro¬ 
cellulose can be thus recovered in the form of salts. According 
to C. Seyfferth,’ .successive charges of nitrocellulose are washed 
with the same wash water, which thus becomes gradually stronger 
in its nitric and sulfuric acids content, as the wash water is applied 
to material progressively stronger in adhering acid, 'fhe two 
acids are then recovered from the wash water in the customary 
manner. 

1. E. P. 5057, 1878; abst. J. S. C. I. 1895, 14, 181). .See H, Eichcler, 
D. R. P. 323026, 1917. 

2. D. R. P. 309936, 1918; abst. J. S. C. I. i919, K, 300-A, 8(16-A; 
Chem. Zentr. 1919, 9P, II, 126. 

3. U. S. P. 1248933, 1917; abst. C. A. 1918, 12, 428; J. S. C. I. 1918, 
17, 75-A. E. Mann and J, Hccss (E. P. 24938, 1913; abst. C. A. 1915, I, 
1246; J. S. C. I. 1914, 33, 859) have detailed the construction of a settling 
apparatus, applicable to the recovery of nitrocellulose. 
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The process of C. Claessai* is somewhat similar in that the 
wash water is used repeatedly to increase the concentration of 
acids contained therein, and is then treated io/ the recovery 
of the HNOj and H 2 SO 4 . For ejiample, the nitric acid may be 
converted into nitric# oxide by means of a reducing agent, such 
as ferftnis sulfate, in presence of sulfuric acid, and the nitric oxide 
converted into nitric acid by the methods used*in making nitric 
acid from atmospheric nitrogen. 

W. Dreger has proposed an application of the principle of 
countercurrents to the washing of nitrocellulose. Sue nitrating 
pans are placed in a circle, and a charge of cotton nitrated in 
each successively. Wash water is transferrefi from pan to pan 
in such a manner that each time it meets a more recently nitrated 
charge. By the time it has passed through five pans it has become 
moderately rich in acid, and in the sixth pan is used as the first 
wash of a freshly nitrated charge, after removal of the residual 
acids. It is then run off and collected.* Turigo has criticized— 
and justly—the above idea, drawing attention to the imprac¬ 
ticability of the apparatus and method, non-uniformity of product, 
and greater cost of operation as compared with nitrating cen¬ 
trifugals.’ 

Closely allied to the subject of the utilization of the wash 
water, is the reclaiming of the nitrocotton present in the wash 
water. It is customary to pass the wash waters from the pulping, 
washing and finishing operations (but not from the acid boiling 
operation) through a series of settling tanks with baffle obstruc¬ 
tions', to allow the suspended nitrocellulose to settle out. A 
proportion of this nitrocotton is so finely divided as to be almost 
if not quite in a state of colloidal, solution or suspension, and 
passes away in the effluent. This effect is more noticeable when 
the water used is very soft, for in hard water the dissolved salts 
acting as electrolytes, appear to aid the deposition. The nitro¬ 
cotton recovered in this manner invariably is found to^ possess 

1. E. P. 6363, 1915; abst. C. A. 1916, M, 2800; J. S. C. I. 1916, 35, 
618. n. R. P. 288469, 1915; abst. C. A. 1916, 10, 2300; J. S. C. I. 1916, 
35, 558; Ghent. Zentr. 1915, 86, II, 1092; Chem. Ztg. Rep. 1915, 33, 466; 
Wag. Jahr. 1915, 61. 1, 278; Zts. ang. Ghent. 1915, 28, 632. Dan. P. 21341, 
1918; Nor. P. 2699^^1916; abst. G. A. 1916, 10, 2526,8162. 

2. Zts. Schiess. Spreng. 191?. 8 , 326; Mon. Sci. 1916, 82 , 676: J. S. G. I. 
1916, 34, 576; G. A. 1913, 7, 3810; Chem. Zentr. 1913, 84, II, 1629; Meyer 
Jahr. Chem. 1913, 21, 362; Wag. Jahr. 1913, 59,1, 456. 

3. Zts. Schiess. Spreng. 1913, 8 , 397; abst. C. A. 1913,7,4071. 
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a lower nitrogen content than the main product, and also usually 
has a lower stability. In plants which produce pyroxylin lac¬ 
quers, artificial leather dopes and colored or opaque* pyroxylin 
mixtures, this recovered nitrocellulose ^is kept separate and 
"worked in,” usually in colored mixtures, preferably vjith pig¬ 
ments. • 

Bleaching Nitrocellulose. The bleaching of nitrated cotton 
is seldom resorted to, but in nitrated paper intended for trans¬ 
parent celluloid sheets, and to a lesser degree nitropaper designed 
for the preparation of “water white” pyroxylin lacquers for appli¬ 
cation to white metal goods, are often given a light bleaching 
after nitration, and before the stabilizing washings have been 
made. Although bleached paper may be used as the form of 
cellulose to be nitrated, it has been found that a gentle bleach 
after the nitrating process is of value. 

The tlu-ee methods used in this connection are as follows; 

1. Bleaching by chlorine (D. Spill process). 

2. Bleaching by permanganate (J. Hyatt process). 

3. Bleaching by oxalic and hydrochloric acids (invention of G. 
Mowbray). 

In Spill’s method the paper after nitration is given a slight 
wash to eliminate the bulk of nitrating acids, then placed in a 
cold solution of bleaching powder of 2° Twaddle strength (sp. 
gr. 1.01) where it is allowed to remain for from fifteen minutes 
to two hours with occasional stirring, and until a sample taken 
out and washed when held between the eye and strong daylight 
appears uniformly white and translucent. The excess of bleach¬ 
ing solution is then removed by a centrifuge, and the nitropaper 
washed in the usual manner until the desired stability tests are 
obtained. It has been stated that the use of warm or stronger 
bleaching-powder solutions is apt to result in the formation of 
chlorine substitution products, difficulty removable by poaching 
and washing, and which, when present, are prone to induce decom¬ 
position of the cellulose nitrate. The neutralized pyroxylin 
should show no traces of chlorides, when an acetone solution is 
mixed with a solution of silver acetate in ethyl alcohol. 

The potassium permanganatl method of bleaching has the 
advantage of being milder in action and more easily controlled. 
The paper fredi from the nitrating bath is several times washed 



2070 


TECHNOLOGY OF bfiLLULOSE ESTERS 


•to eliminate all but traces of free nitric acid, and plunged into a 
1% solution of potassium permanganate, the pyroxylin taking 
on a ligfit brown color from reduction of the permanganate. 
After agitating in the cold solution for a short time, steam heat 
is applied until a temj»rature of 40°-50° is reached, when dilute 
(10%) oil'of vitriol is cautiously run in, still •*ith continuous 
stirring, and uptil about 5% (calatlated on the weight of the 
pyroxylin) has been added. After the acid has thoroughly 
permeated the contents of the tank, oxalic acid in aqueous solu¬ 
tion is nm in until the brown color of the pyroxylin just begins 
to lighten. By continued agitation the color gradually lightens 
until all the man*ganese dioxide has been oxidized, as shown by 
the appearance of a colorless solution again. If the solution 
docs not become entirely colorless a second addition of oxalic 
acid is required. The nitrated paper is finally removed, washed 
free from acids and stabilized in the usual manner.* 

In the process of G. Mowbray,® 25 lbs. oxalic acid and 15 
lbs. HCl (strcngth.not stated) are dissolved in 100 gal. water as 
nearly iron-free as possible, 'fhe oxalic acid is first dissolved 
and the HCl added cold. The nitrated paper in the proportion 
of 500 lbs. of pulp to 3 gal. of the above is placed in a hollander 
and there agitated until the nitropaper'has assumed the pul- 
taceous condition. Discoloration of the nitrocellulose from 
traces of iron is thus entirely obviated, the paper after being in 
contact with the oxalic acid mixture for several hours is 
then \\ashed in cold running water until no test for oxalic acid 
can be obtained. Treatment in the usual manner follows. 

In the dyeing of nitrocellulose, it .is a point worthy of note, 
that the iron content of the nitropaper bleached after preliminary 
washing is considerably lower than when the bleaching operation 
has not been carried out. And furthermore, where this ferric 
stain is removed by bleaching, the brilliancy of the coloij are 
enhanced, and their fastness often increased. 

In (fctermining the degree of bleaching of cellulose desirable, 

1. To the washed nitrocellulose is added three times its volume of 
water contarainx 2% \)otassium permanganate, and then left for an hour 
in the. cold. The unchanged permanganate is then washed out and a strong 
brine containing HCl is added. Thfe mixture is allowed to act on the nitro¬ 
cellulose until the latter has changed from a light brown or yellow to white, 
when all acid is removed bv washing in the usual manner. 

2. U. S. P. 349658, 1^; abst. J. A. C. S. 1886, S, 238. 
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and the effect of the bleaching' process on the nitrated cellulose, 
C. Piest* has fenind that the more strongly the cellulose has been 
bleached with calcium hypochlorite, the more washfhgs will be 
required to affect the proper stabilization of the nitrated cellulose, 
and the greater will be the solubility of thJ final product iy absolute 
alcohol. 

It is claimed that paper or cotton bleached after nitration 
is more readily washed free from acids, more easily soluble in the 
usual solvents, and gives in addition to a more nearly colorless 
solution, one which will filter more readily and may be exposed 
to sunlight for a great length of time without assuming a yellowish 
tint. The use 6f .sodium peroxide, hydrogen’dioxide, or sodium 
perborate has not given as uniform or satisfactory results as the 
three methods described above. 

Preliminary Boiling of the Nitrocellulose, ustially spoken 
of as the “acid boil,” is the first step in a series of operations for 
eliminating the extraneous acid on and in the nitrocotton, and to 
remove those bodies which diminish the stability, and introduced 
primarily as the result of the nitration process. It must be 
remembered that after nitration, the nitrocotton is in a most 
unstable condition due to the presence of adhering acid as well 
as acid remaining inSide the cotton filament capillary, and in 
addition there is undoubtedly a large number of indefinitely 
characterized subsidiary pnKluets such as nitrated hydrocellulose, 
nitroxycellulose, nitrosugars, oxalic acid, oxypyruvic acid and 
other compounds contributory to instability. The. sulfuric 
acid in combination as cellulose sulfonic or sulfonitric esters must 
also be removed before stabilization is satisfactorily completed. 

Origlhally stabilization was effected by prolonged washing 
in a)ld running water, followed by a short treatment with an, 
alkaline solution either cold, but more often boiling. Boiling, 
as now understood,*did not form a part of guncotton manufacture 


in the earlier days. 

The boiling is usually actually carried out in large circular 
1. Zts. ang. Chem. 1908, 21, 2497; 1909, 22, 12I,'5; 1910. 22, 1009; 
abst. Jahr. Chem. 1905-8, II, 97.8; 1909, 62, 388; >910, 63, II, 423; C. A. 
1909, 2, 486, 2227; 1910, 4, 2.570; J. C. S. 1910, 98, i, 464; J. S. C. I. 1909, 
26, 746; 1910, 29, 841; Bull. Soc. Chim 1909. 6, 232, 1165; 1910, 8, 1563; 
Chem. Zentr. 1909, 69, 1. 474; II, 1090: 1910. 81, II, 608; Meyer Jahr. Chem. 
1909, 19, 309; 1909, 19, 335; 1910, 20, 327; Wag. Jahr. 1908, M, II, 368; 
1909, SS, I, 431; 1910, 56, 1, 493. 
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wooden vats or tubs, about 9' deep and 7' intern^ diameter, 
with false ^wooden bottom about 6' from the Kottom, fitted 
with a steam coil containing a number of small perforations 
therein. No stirring arrangement is provided. The nitrocotton 
directly <rom the drowning tubs, after having mdergone the 
preliminary acid wash, is either flowed to the preliminary boiling 
tubs, or more customarily is loaded on wooden trucks, and by 
means of a dummy railway pushed by hand to the boiling house. 
This is substantially a two-story affair, as shown in Figs. 212 and 
213. The former illustration shows the boiling house of the du 
Pont plant at Old hickory, and is typical of the present equipment 
in the United States. Fig. 213 illustrates the preliminary boiling 
house, at the Ardeer factory of Nobel’s Explosives Co., and shows 
the best arrangement in Great Britain. 

The boiling vats have wooden tops with hinged covers 
(shown in the background in Fig. 213), the false or second floor 
being about 3' below the top of the tubs. Each tub is provided 
with steam vent as shown. This operation is often spoken of as 
"percolator boiling,” although, strictly speaking, it is not a 
boiling process as all, as the temperature in the tubs seldom 
exceeds 95°. There is a great variation in practice as to the 
number of "boils” and the duration of each to which it is advizable 
to submit the nitrocotton. Bruley' has shown that prolonged 
boiling increases the solubility and lowers the percentage of 
nitrogen in the guncotton. C. Haeussermann* has reported the 
formation of an oxime compound of an aldehyde or ketone on 
boiling nitrocellulose' with alkali. Then there is the question 
as to whether actually boiling with steam to eliminate acid does 
or does not hydrolyze the nitrocellulose. Certain it is lhat some 
* change occurs which is not apparent when water at not to exceed 
95° is used, and this change is shown by the nitrated cotton 

1. Mem. Poudres. 1895-6, 8 , 131; abst. Meyer Jahr. Chem. 189f, t, 

301. Practical czpenmcuU in the washing of centrifugally esterified cella- 
lose of the kind used for pyrocoUodion smokeless powder, and with the usual 
drowning (iteration and cold water wash, have shown that the free nitric 
and sulfuric acids present are entirely removed so far as acidity tests go, 
by seven hot water washings of three hours each, where the decantation 
is 60%, i. e., where 60% of the bulk of water or^inally present was dis¬ 
carded by draining. * 

2 . Ber. 1903, U, 3956; 1004, 37, 1624; abst. Wag. Jahr. 1903, 48, 
345; 1904, 50, 367; 1908, 54, 1, 357; Meyer Jahr. Chem. 1904, 34, 370; Jahr. 
Chem. 1903, 53, 1017; 1904, 57, 1168; Chem. Centr. 1904, 75, 1, 160, 1405; 
J. S. C- I.«1904, 13, 36. 
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giving a cloudy solution with vaftous solvent mixtures, in which 
it otherwise would dissolve clear. Furthermore, the tempera¬ 
ture of boiling is intimately associated with the precipitation of 
flocks or granules upon*standing, in a nitrocellulose solution which 
has been once* clarifiedt by paper filtration. Those pyroxylins 
which h#ve^bcen boiled by live steam appear to fee much more 
prone to “granulate" in solution upon long standing.' This is a 
very important point in the pyroxylin lacquer industry and the 
artificial filament and photographic film arts. 

There is no doubt but what one of the most important func¬ 
tions of the preliminary boiling operation is to remove the sulfuric 
acid in combinatitn, and this is more speedily and efficiently 
brought about by conducting the operation in a slightly acid 
medium. A large manufacturer of pyroxylin for photographic 
use in the United States docs not pulp the nitrocotton on account 
of the fact that this process introduces a small amount of iron 
(from 0.01% to 0.03% calculated as Fe 203 ) and makes a con¬ 
siderable observable difference in the color of the solution from 
which the films are 'cast. Instead a series—usually 12—washes 
of 10 hours each in water between 80° and 90° are given, the 
nitrocotton being allowed to stand in water over night between 
the “boils,” and protected from the light and dust by means of 
canvas coverings. 

Boiling for five periods of ten hours each, requiring five days 
time, has in general been found quite satisfactory, but the methods 
and directions for the length of time of an individual “boil” and 
the nuftiber required, vary greatly. A cycle constituting a 
“boil,” is considered the length of time of a complete cycle of 
filling the tub with water, the actual hehting operation, allowing 
the hot water to run out, the draining, and up to the point of 
re-filling the tub. With a ten hour boil per day, the nitrocotton 
is allowed to soak in the hot water at the clpse of the ten-hom 
heating period until the next day, and this has been found efficiint, 
especially from the view point of minimum water consumption. 
Irrespective of the special number or rotation of the series of 
these washings, at tlie conclusion of the last boil, the nitrocotton 
is substantially neutral, and the,last wash water should not more 
than faintly redden neutral azolitmin solution. 

It is customary to make a stability test upon the nitrocotton 



Fig. 213.—Guncotton Boiling House (Nobel’s Explosives Co. Abdesr Factory) 
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at the dose of the last preHmihary boil in order to approximate 
the degree of stabilization which the material h^ undergone as 
the result-of the processes to which it has been subjected up to 
this point. • 

M^y methods h4ve been proposed from time to time to 
most economically and expeditiously effect this preliminary puri¬ 
fication, some of which apparently are devoid of merit, or dse 
so cumbersome, time consuming or expensive as to be precluded 
in commerdal manufacture. In 1872, S. Madde' designed a 
“guncotton engine” for the washing of nitrated cotton, and sub¬ 
sequently amplified and improved upon.* J. Hyatt and J. Jarvis 
in 1878’ devized an improvement in apparatus for washing paper 
pulp, espedally applicable to the celluloid industry. G. Clark* 
had previously experimented along similar lines. 

According to F. flathan,’ in England, in the official “Notes 
on Gunpowder and Guncotton,” published by the War Office 
in 1878, it is stated that guncotton manufactured at Waltham 
Abbey underwent two boilings by steam in wooden vats for 8 
hours each, the water being extracted after each boiling by wring¬ 
ing for 3 minutes in clean water centrifugal machines. The 
same boiling process was in us* in 1888, according to a later edi¬ 
tion of the same book. Five years lajer each boiling was extended 
to 12 horns, and the boiling lasted for 5 days and nights—that 
is, the gimcotton received 10 boilings of 12 hours each. In April, 
1894, this system of boiling was replaced by a system character¬ 
ized by short boilings at the commencement of the process, the 
time of successive boilings being gradually increased. The 
scheme of boiling was as follows: • 

1. E. P. 2693, 1872; abst Ber. 1874. 7, 741; Poly. Centr. 1874, 40, 

' 789; Dingl. Poly. J. 1874, 21^74; Bayr. Ind.u. Gewerbebl. 1874,276; Chem. 

Tech. Mitth. 1874-6. 218. 

2. E. P. 13903, 1890. See also E. P. 6917, 1890. 

3 U S P 210612 1878 • 

4 ! Mon. Sd. 1870,’63; Deut. Ind. Ztg. 1870, 48; Wag. Jahr. 1870, 
10, 217. J. S. C. I. I 90 O 8 , 177, 181; abst. C. A. 1909, J, 1342; Chem. 
News, 1909, 89, 83; Bull. Soc. Chim. 1910, I, 60; Mon. Sd. 1910, 72, 111; 
Rep. Chim. 1909, 9, 376; Chem. Zentr. 1909, 80, I, 1678; Chem. Ztg. 1909, 
81,208; Chem. Ztg. Rep. 1909, 88, 146; Jahr. Chem. 1909,82,11,388; Meyer 
Jahr. Chem. 1909, 19, 333; Wag. Jahr. 1909, ^ I, 431; Zts. ang. Chem. 
1909, ^ 1614; Zts. Schiess. Spieng.1909, 4, 286, 327. 

6, J. S. C. I. 1909, 20, 177; abst. C. A. 1909, 1, 1342; Jahr. Chem. 
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This system of boiling was continued with but slight modi¬ 
fications imtil August, 1905. On the introduction of the dis¬ 
placement dipping process it was found, as already stated, that 
guncotton made in this way was brought to a condition of stability 
by the boiling process then in use, and just referred to, at an 
earlier stage, than guncotton made by the Abel process. A 
probable explanation of this fact is that during the displacement 
process a zone of acid liquid at a comparatively high temperature— 
somewhere about 40° C.—passes through the whole of the gun¬ 
cotton in the dipping pan. The action of this hot acid liquid 
may be to oxidize certain organic impurities which are certainly 
present, and to cause the breaking-down of Unstable nitrogen 
compotmds into soluble or non-reactive bodies. Systematic 
experiments were therefore carried out, in 1905, to determine 
the most suitable and most economical method of purification 
by boiling, for displacement process guncotton. In the principal 
experiments two types of boiling were employed—one in which 
long boilings were used at first, followed by short boilings; the 
other in which short boilings were used at first, followed by long 
boilings. T^e following deductions were made from the results 
obtained in these experiments: 

1. Pmification of guncotton obtained by means of long 
boilings at the beginning followed by shorter boilings later, is 
superim to that obtained when the reverse condition holds. 
This is substantiated by the following considerations: Examina¬ 
tion of the waters showed that neutrality is obtaiii^ earlier; 
that less decomposition of the guncotton takes place; that the 
stability, as shoro by the various stability tests, is greater; and 
that a stable condition is attained earlier. 

2. A displacement washing after a long acid boiling at an 
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•early stage is a beneficial treatment. This treatment is probably 
responsible for the early attainment of neutrality.' 

The 'system of boiling determined on as a result of these 
experiments was as fallows, 


No. or 
Boiling • 

Duration 
in Hours 

• 

No. of 
Boiling 

Duration 
in Hours 

1 

12 

r> 

4 

2 

12 

7 

4 

3 

4 

8 

2 

4 

' 4 

9 

2 

5 

' 4 

10 (, 

2 


with a cold water displacement wash after the first two boilings. 

•Several processes have been brought forward for the stabili¬ 
zation of nitrocotton by boiling under pressure, in which appar¬ 
ently arc embodied points of merit. In the method of the Vereinigte 
K6ln-Rottweilc[ Pulverfabrikcn,' the nitrocellulose was both 
stabilized and disintegrated by a few hours boiling under pressure, 
it having been found that by increasing the pressure sufficiently 
the material is reduced to the state of a fine powder. According 
to the authors’ experience, boiling a nitrocellulose under a pressure 
sufficient to insure its disintegration, hydrolyzes the ester so that 
the viscosity is materially reduced, and the solubility affected 
correspondingly. 

F. du Pont immerses the nitrocellulose in water which is in 
contadt with air, and the whole agitated under pressure, thus 
causing the solution of the air. The pressure is then suddenly 
released, thus causing the air to expand quickly, the g'ffect being, 
according to the claims of the patentee, to cause the air which 
has penetrated the interstices of the cotton fiber, or perhaps the 
inner filamentous canal, to suddenly inflate, dislodge impurities, 
and cause the nascent oxygen to oxidize nitrous to nitric acid 
compounds. A variation of the method is to shower a mixture 
of water*and nitrocellulose through compressed air, and to suddenly 
release the pressure from the combined mixture. The idea appears 

1. E. P. 5830, 1900; abst. J* S. C, I. 1900, M, 403, 492, 560; Mon. 
Sci. 1902, SB, 166; Chem. Ztg. Rep. 1901, 25, 648; Chem. Tech. .Rep. 
1901, 40, 572. F.. P. 398672, 1900; abst. Mon. Sci. 1901, 57, 304. Belg. P. 
148850, 1900. 
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to the author to be decidedly ingcneous—and that is all.'* 

The Soci^f^ anonyme de produits chiraiques de,Droogen- 
bosch' stabilizes after washing and drying the nitrocellulose, a 
product designed to be especially applicable in the artificial 
silk industry. In proceeding according to the directions»as laid 
down by the patentees, the nitrocelhdose is washed iti the usual 
manner until apparently free from acid, then carefully dried by 
being placed in thin layers on tinned copper or copper wire screens. 
A portion of the air used to drive off the moisture, before its 
entrance into the nitrocotton dry chamber, passes through a 
closed box, on th^bottom of which is spread an intimate mixture 
of slightly hydrated quick lime and ammonium carbonate. The 
effect of the lime upon the ammonium salt, is the liberation of 
ammonia, which is then slowly aspirated over the surface of the 
damp nitrocellulose. 

The National Explosives Co. and W. Bate,® wash nitrated 
cotton by the continuous (as distinguished from the usual inter¬ 
mittent) introduction of hot or cold distilled water into the wa.shing 
vessel so as to displace the acid liquid upwards or downwards, 
the water being supplied at such a rate and in such a volume 
that displacement takes,place practically without mixing. 

In 190.3 Selwig and Lange® introduced a method whereby 
the nitrocellulose or similar nitrated substances are steamed and 
washed in a centrifugal, which method has decided points of 
merit. Their apparatus, called a “guncotton steam centrifugal,” 
and shown in Fig. 214, consists of a closed cylindrical vessel with 
inclined bottom, in which a centrifugal basket is so fitted that it 
may be rotated. The vessel is provided with a tightly fitting lid, 
on which are arrangements for admitting steam, or steam and 

1. U. -S. P. 7249.32, lOAS; 7627.77, 1904; abst. J. A. C. S. 1903, 25R, 
.920; 1905. 27R, 60; Mo*. Sci. 1903, 59, 163; IIKW, 62, 1.5; Chem. Zts. 1904, 
3,14. 

2. E. P. .5076, 1901; abst. J. S. C. I. 1902, 21, 546; Mon. Sci. 1905, 
62, 322. Belg. P. 155185, 1901. 

3. E. P. 128978, 1917; abst. C. A. 1919, 13, ,3013; J. S. (!. I. 1919, 
16, 698-A. 

4. E. P. 6409, 1903; abst. Arms and Explos. 1904, 12, 54; J. S. C, I. 
1904, 23, 337. F. P, 327803, 1902; abst. J. S. C. I. 19a3, 22, 963; Mon. Sd. 
1904, 62, 47; 1905. 63, 83. D. R. P. lJ0319; abst. Mon. Sci. 1905, 61, 14, 
322; Chem. Centr. 1904, 75, 1, 1187; Chem. Ztg. Rep, 1904, 26, 411; Chem. 
Zts. 1905. 4, 197; Jahr. Chem. 1904, 57, 1168; Wag. Jahr, 1904, 50, I, 346. 
Swiss P. 27809,1903. Belg. P. 169185, 1903. 
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'air to the interior of the basket, or also to the^ outside. Cold or 
hot water^ as desired, may be admitted to the interior. 

The steaming process is conducted as follows: Wet guncotton, 
either fibrdus or pulpe^, is filled into the centrifugal drum which 
is them set in motion, and after the cover ha* been closed, dry, 
high pressure steam which may be mixed with air to moderate 



Fic. 214 .—Seuwig & Langb Guncotton Stbam Ckntrifucal 


the temperature is admitted. The steam penetrates the nitro- 
cotton T^hich is pressed against the sides of the basket, heats it 
uniformly, and thereby destroys the unstable products con¬ 
tained therein. These are dissolved or emulsified in/by the con¬ 
densed water, and are immediately removed by the centrifugal 
action. At the close of the steaming process, the guncotton i^ 
left in ^he still revolving basket, and washed first wjth hot and 

• f ■ 4 
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then with cold water, being fmal4r wrung until all the water has 
been expelled that is removable at the speed of the centrifuge. 
The steaming pfocess may also be alternated with washing. 

In washing nitrocellulose, to remove resinous and other 
impurities contained therein, J. Duclaux' i^coramends treatment 
with benzene, toluene, xylene, carbon tetrachloride, chlcfolorm 
or similar haloid substituted aliphatic hydrocarbons! followed 
by treatment with hot water until all the volatile solvent has been 
eliminated. 

In this process of stabilization, as carried out in several fac¬ 
tories in Great Britain, where the boiling is conducted in large 
vats accommodatijig 1,000 to 2,000 lbs. of nitrocotton, instead of 
heating with steam by perforated coils below the perforated wooden 
false bottoms, the steam is also supplied through central puffer 
pipes on the principle of a vomiting kier (see p. .590), in which 
case, the heating of the mass in the kier is from tne top down¬ 
wards. In ttiis arrangement, as where the heating is from the 
bottom upwards, wooden vents or chimneys are fitted to the lids 
of the vats to carry off the spent steam, as shown in the accom¬ 
panying illustrations. For certain special purposes, where the 
absolute exclusion of woody particles is necessary, and the color 
of the nitrocotton is of g,reat moment, the vats may be lined with 
earthenware tile or sheet lead. Other linings, such as sheet iron 
covered with lead by the Cowper Coles process, and bakelite, 
both as a paste and by impregnation, have been tried but without 
success In isolated instances, reinforced concrete vats have 
been used, but soon cracked, due to the strain of alternate heating 
and cooling. 

As to thie nature of the boiling, no hard or fast rules, or uni¬ 
form method of practice can be laid down which will be generally 
applicable, the treatment required depending on a number of 
factors, including the character of the nitrocotton, method of 
nitration, ratio of nitric to sulfuric acids in the nitrating bath, 
degree of nitration, nature of the water supply avmlable, and the 
special purpose to which the nitrocotton is to be put. * 

When made by the displacement process for example, the 
product may be stabilized by about 30 hours boiling, whereas 

1. K. P. 130619,1919; abst. J. S. C.*I. 1919, St, 610-A; 1920, St, 388-A. 
P. P. 461785, 1914; abst. Mon. Sci. 1914, tS, 122; Chem. Ztg. Rep. 1914, 
St, 349. 
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, by another method of nitratioi, 80 to 90 hours boiling may be 
necessary. On the other hand, nitrocellulosgs "’of low nitration 
for special purposes, as for example, blasting explosives, are in 
the main more easily* stabilized, and are merely treated with hot 
water, due to the lowering effect on the viscosity which boiling 
induces. _ In general—but not always—the* higher the degree 
of nitration, the more drastic and prolonged will be the stabiliza¬ 
tion required. NitrfK-otton intended for water-white pyroxylin 
lacquers receives a very mild stabilization treatment in order to 
conserve the color and preserve the viscosity. The method of 
stabilization of J. Stevens,' consisting in washing with water 
and then subjecting the nitrocellulose to an aqueous solution of 
urea as an ant-acid, is more applicable to pyroxylin plastics. 
It has been noted that those nitrating mixtures relatively high 
in sulfuric acid, protluce nitrocclluloses more difficult of stabiliza¬ 
tion, but the reason is not on account of a higher percentage of 
conjugate sulfates present in the nitrocellulose—at least not 
entirely .so. 

The general principles of practical stabilization (for the 
theory of the subject, .see p. 1700) are primarily based on the fact 
that in addition to adhering acids on and in the cotton filaments, 
the nitrocotton contains snfall amounts of sulfuric or mixed 
nitrosulfuric esters and other unstable bodies which must be 
broken up and eliminated to avoid the development of free acid, 
and consequent instability when the nitrocotton is stored. 

As has been mentioned, free sulfuric acid is especially objec¬ 
tionable and a prime factor in incipient decomposition of all 
cellulose esters, as it is non-volatile and remains unchanged, 
in which condition it undoubtedfy acts as an autopatalyzer in 
promoting decomposition. It has been pretty well established 
that an initial acidic treatment is the proper method to pursue 
for the hydrolysis of these esters, and should usually be followed 
by treatment in a mild manner with weak non-volatile alkaline 
solutions to complete the stabilization. Alkaline treatment 
however, also readily hydrolyzes nitric esters, and should there¬ 
fore, be prolonged.no longer than necessary. Unduly prolonged 
boiling has been found to exept a lowering effect on the stability. 

Irrespective of the method followed on the manufacturing 

1. U. S. P. 605931, 1898; abst. Mon. Sci. 1898, 51, 266; Chem. Ztg 
Rep. 1808, 22, 565. 
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scale, the progress of stabiliz^ion should be followed by prp- 
gressive heating of the nitrocellulose with water, and examination 
of the various wash waters for reaction, sulfates, nitrates, nitrites 
and other oxidizable bodies, as well as the elimination of the free 
nitrating acids, and the hydrolysis of the»esters. 

The rate of elimination is found to progressively‘decrease, 
and after a time to reach a constant which may be safely taken 
as indicating that the impurities have been sufliciently removed, 
and that the nitrocotton only is being decomposed. The residue 
upon evaporation of the wash waters, es])ecially in the earlier 
stages of the boiling, yields a somewhat complex mass which can 
be separated by treatment with suitable soWents and reagents 
into a large number of bodies of distinctive character, some of 
which are crystalline, but the majority being amorphous. -Some 
are so unstable as to explode if drying is attempted. 

While the wash water tests are only indicative, they arc 
valuable indications as showing the progress of stabilization, and 
must be supplemented by a testing of the nitrocotton itself at the 
various stages, as outlined in the succeeding chapter, and of thest' 
tests, those which show the degree of resistance of the explosive 
to decomposition when exposed to more or less intensified condi¬ 
tions, must however, be mainly relied upon. These tests, as will 
be explained further on, arc primarily based on the ciualitative 
detection or quantitative measurement of the nitrogen oxides 
evolved when the nitric ester is heated. 

Pulping the Nitrocellulose, also frequently referred to as 
"beating," for the reason that the fibrous material is beaten to a 
pulp by frictional blades, is a process, which was suggested by J. 
Tonkin (see p. 1004) but developed along the practical lines of 
the treatment of guncotton by P. Abel, and from his investigations, 
has come down to the present time with many minor improvements 
in efficiency and output per unit of time. 

The guncotton produced in the earlier days of the art was, 
as has been pointed out, purified mainly by simply washing in 
cold water, the washing sometimes being prolonged for several 
weeks time, and it is primarily due to this inadequate treatment 
that the numerous explosion of yiose times must be attributed. 
One of the improvements of v. Lenk (see p. 1593) was the intro¬ 
duction of boiling for 15 minutes with a weak potassium hydroxide 
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wlution, but at that time the icl4a seemed to prevail that it was 
only necessary to eliminate the free acid in the nitrocellulose, in 
order to obtain a perfect stability. The presence o{ other nitrated 
bodies and sulfuric acid combinations apparently were not sus¬ 
pected, and certain it iSf. that their effect on producing instability 
was insdfiiciently recognized, and the necessit 3 i for their elimina¬ 
tion only superficially appreciated. Furthermore, it has been 
demonstrated that the xmpulped nitrocotton retains acid in the 
capillary tubes with almost incredible tenacity. For instance, if 
the nitrocellulose is washed in water until apparently all the 
acid has been removed as shown by delicate indicators, and the 
fibers are then pulped subsequently, the water in which the 
comminution has taken place will show a decided acid reaction. 
A most thorough comminution of the fibers is therefore necessary, 
in order to open them up, and lixiviate them. Nobel’s Explosives 
Co. have found by direct microscopical examination, that one 
gram of normally pulped guncotton may contain as many as 
seven million distinct fibers. 

Since pulping was introduced in England about 1805, it has 
formed an essential part of the treatment of nitrocotton intended 
for explosive purposes, as distinguished from the peaceful arts, 
where for obvious reasons, the* stability of. explosives, has, until 
recently, not received the attention which the importance of the 
subject merits. By reducing the fibers to a fine state of sub¬ 
division, it not only brings the nitrocotton into a much more 
compact condition, but greatly facilitates washing and blending. 
The method of E. Nicholson' of adding litmus, blue archil or 
similar indicator so that any acid developed by subsequent spon¬ 
taneous decomposition can be discovered in time, is not'employed 
at the present time, if ever. 

The operation is carried out in pulping or beating machines 
similar to those used in paper making. Typjcal of thb practice 
is the hollander pulper as used by Nobel’s Explosives Co. and 
illustrated in Fig. 215, and in the United States by the Miller 
Duplex B'eater, as indicated in Figs. 216 and 217. In the former 
illustration, the methpd shown is carried out as follows; The pulping 
machine consists of a trough or casing, which may be of iron or 
ferro-concrete, in which a revolving power-driven roller armed 

1. E. P. 2430, 1871; abst. Bull. Soc. Chim. 1872, IT, 479. 



Fig. 215. —Instaiaation of Hollandes Pm.PB« Showing Roixsk Blades (Nobel's 
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with steel blades, operated against a block or bed platt of blades 
6xed in the casing. The nitrocotton is suspen<Jed in about 
ten times its wgight of water, and by the action of the roller, 
which also acts as a paddle, is made to circulate and pass re- 



Fig. 21().--Tiib M11.1.RR Patent Ucpcrx Beating Engine 



peatedly between the two sets of blades until reduced to the 
state of fineness required. Thd blades in the roller are placed 
parallel to the roller axis, whereas those in the block are fixed at 
an angle, the cutting powerJ)eing in this'way increased. Of the 
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various types of these machines, some circulate the pulp hori¬ 
zontally, and in others the circulation is in a vertical direc¬ 
tion. The hollander (shown in Fig. 215), introduced iif Holland 
for paper making about 1750, may be taken as representing the 
former type, and the Umpherson and Hoy't^ the latter. ^ 

The period of pulping varies with the size and type of the 
pulper, and the purpose for which the nitrocotton is to be used, 
but from two to four hours is generally found sufficient. In 
certain special cases, and with hard fiber nitrocottons, longer 
pulping up to f) hours may be required. In general, the lower 
the nitration (percentage of nitrogen in the nitrocotton), the 
.shorter is the time*of pulping necessary, this bciff^ a generalization 
which does not always hold true. The fineness is judged by the 
feeling, and by the appearance of the fracture when a handfUl is 
squeezed to remove excess of water and broken across. A settling 
test in which a weighed quantity of the dry nitrocotton is shaken 
up in a cylinder with water, and the apparent volume of the pulp 
noted after settling, is used as a control. For the measurement 
of the actual length of the fibers, microscopic examination, of 
course, is necessary. 

In the pulping of cellulose for paper making, a crushing or 
grinding action is mainly required so that the fibers may be left 
in a tom and ragged condition with increased felting properties. 
Of importance also to the paper maker is the hydration or gclat- 
inization of the cellulose which occurs in pulping, for this assists 
in the agglutination. These effects are promoted by the .use of 
somewhat blunt blades, necessitating more or less prolonged 
treatment. With nitrocellulose on the other hand, what is most 
desired is a* sharp cutting action in order to reduce the material 
as quickly as possible before hydroly.sis sets in. Sharp blades are 
therefore desirable. With blunt edges there is a tendency for 
clusters or aggregations of fibers to be formed, which appesu" 
flattened, as on an anvil. This flattening effect is readily observed 
by making a dilution test, and observing the broken ^aments 
microscopically. 

Dtuing pulping a certain proportion of iron in a finely divided 
condition is ground off the blades, ahd as this may induce diemical 
action on the nitrocellulose dtuing storage, bronze blades have 
been tried to prevent its formation, but this has been found to result 
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tn a much lower output. Electromagnets, as described later, are'^ 
therefore used for the elimination of this iron. « 

In the United States, the beater which has probably been 
most extensively used for the comminution of all forms of nitro¬ 
cellulose is the Miller *Duplex Beater as manufactured by the 
Downingtown ^Manufacturing Co., East Downingtown, Penna. 
In addition to the general illustration of this machine as shown 
in Fig. 216, is the section in Fig. 217. 

The sides, bottom and midfeathers are of cast iron, with covers 
of 3' cypress securely bolted to the tub sides, and provided with 
openings for furnishing and washing, or the top may be left 
entirely open. Tte fly bars are all steel, lai(f steel or bronze, 
the apparatus being equipped with two beaters, one under the roll 
and one on top. This greatly adds to the efficiency of the machine 
by cutting down the time of pulping to any desired degree of fine¬ 
ness. The roll and the top plates are adjusted by the one hand- 
wheel which raises and lowers the lighter bars, by which the top 
plate is raised two units for each single unit which the roll is 
raised. In other words, the top plate is actuated in both direc¬ 
tions twice as far as the roll. This keeps the spacing between the 
roll and the two plates the same in any and all positions of the 
roll. The location of the roll in the cente/ of the tub, submerged 
between the two bed plates and horizontally between the front 
and rear midfeathers, divides the tub into two horizontal planes, 
under and above which the stock is rapidly circulated. 

The stock travels many times faster in this type of beater 
than in the old fashioned hollander, an4 is subjected to two beat¬ 
ing operations each time it completes an entire circle around the 
tub. It, therefore, performs its work in much less Time than 
that consumed in the holland type of engine, and also does the 
work more thoroughly and efliciently, as there is little chjnce 
for the material settling in any part of the tub. In the reduction 
of nitrated cotton this type of beater is especially applicable, as 
this matarial has a great tendency to settle as soon as the fibers 
become shortened by cutting, requiring hand stirring and paddling 
to prevent settling, find consequently uneven reductions. 

With a machine of the above type, no stirring is required, 
the engine being adapted to the beating of all forms of nitrocellu¬ 
lose. The largest power consumed by any beater, is the power 
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required to circulate the stock. rfThe most efficient beater, there-^ 
fore, increases the beating effect in proportion to the circulation. 
The above DupW beater is the only type to the author’s knowledge 
which effects two beating operations for every circulation of the 
stock through the tub. About (50 h. p. ig necessary to properly 
run this beater under full load. If the beater is to be Electric 
driven, a 7.5 h. p. direct current motor is better.* With an 
A. C. motor, the speed drops off as the load increases, which is 
exactly what ought not to happen in the case of a beating engine, 
since it is necessary to keep up the speed in order to secure proper 
circulation of the nitrocotton. If a D. C. motor is installed, a 
constant speed qjay be maintained with comparatively little 
variation, regardless of the load. 

ITie best speed of this beater is 120-130 r. p. m. By changing 
the speed from 112 r. p. m. (that recommended by the manufac¬ 
turers) to 130 r. p. m., a charge can be pulped in 8 hours, whereas 
with the lower revolution, 10-12 hours is usually required. A 
normal charge is 1500 lbs. nitrocotton per beater, and under 
favorable conditions, three beaters may be run off per 24-hour day. 

The claims put forward by the manufacturers of this machine 
are as follows; 

1. The length of fijjer can be reduced to as fine a condition 
as required in the minimum of time, due to the double beating 
operation. 

2. 'fhe charge when reduced is found to be very uniform. 

3. The fly bars may be removed and inserted without dis¬ 
mantling, and with ordinary mechanical labor. 

4. The emptying and washout valves are operated by levers 
from abov^the working floor. 

5. The beater roll is “bandless.” The fly bars are made so 
that the section in the head is a fit in the dovetail slots.* 

At Picatinny Afsenal, Dover, N. J., where these beaters 

1. In setting up the pulper the bottom bed plate should be set per¬ 
fectly level, and the roll so adjusted that it will touch the bottom plate evenly 
from end to end, the top plate then being screwed down until it al|p touchu 
the r<dl bars evenly. This adjustment should not again be touched until 
the wear on the rolls makes a new adjustment necessary. Adjustment 
while running is made from the main handwheel on the lighter bars of the 
r<dl. The combined levera^ of the roll lighter and the short lighter operating 
the ttv plates is so proportioned that when the roll is raised one unit the top 
plate is raised two units, thus making the space between the roll and top and 
bottom {dates always exactly the same. Care should be taken not to tighten 
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.are used, hot, and not cold watd' is run in, this being made possi¬ 
ble by the installation of an iron tank about 3' diameter and 10' 
high, enclosed, through which waste steam is passed, and from 
this, the heated watdr is run into an elevated wooden tank, of 
capacity sufficient to feed three beaters. Cons^erable saving 
in time*in J)eating is effected by proceeding in this manner.' 

The efficiency—amount of nitrocellulose which a beater will 
properly pulp in a given time—varies greatly with the type of 
nitrocellulose, to which attention has been previously drawn. With 
a comparatively soft nitrocellulose, e. g., with a low nitration and 
high solubility in ether-alcohol, as the pyroxylins and collodion 
cottons, much more can be pulped in a given time than with the 
highly nitrated and tougher nitrocottons, insoluble in alcohol- 
ether, and 12.9%-13.2% nitrogen. With the latter, a much 
longer time is usually required to comminute them to the required 
degree of fineness. 

Excessive pulping affects the .solubility. It is a curious fact, 
not generally known, but one which the author has repeatedly 
verified, and that is that the addition of a minute amount of 
a nitrocellulose solvent as (0.1% acetone) to the water in the 
beater, will materially decrease the time of beating. Whether 
the small amount of solvent added is .sufficient to intumesce or 
soften the nitrocotton, is a question. 

There is no doubt that the very long staple guncotton before 
pulping retains in its tubes unstable bodies which no reasonable 
amount of boiling will remove. The effect of pulping being 
to materially reduce the length of the individual filaments, it 
must at the same time produce a ceTtain amount of crushing 
in them. This allows of impurities being removed^ both me¬ 
chanically as by attrition, and by diffusion, solution, emulsifica¬ 
tion or saponification. 

The mechanical efficiency of a pulper depends upon a niffnber 
of factors, including the shape of the trough, the number and 
length of the blades in the roller and block, the angle of inclina- 

up the top plate box too much, sufficient to prevent vibration being all 
that is necessary, as otherwise there might be difficulty in raising or lowering 
the plates. A spring fe provided, the function of which is to admit of ad¬ 
justment of the top plate; the manufacturers recommending that this spring 
be maintained at its maximum compression. 

1. H. Schulte, Zentr. Ocstr-Ung. Paperind. 1914, 28, 871; abst. Paper, 
1915, 15, No. 24, 15; C. A. 1915, 9, 1114. 



Fig. 218.—Pulping House, Showing Corliss Engines 
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tion of the blades, the circurafefential speed of th^'roller, and 
especially is it of importance that adequate power be provided so 
that the maximum of cutting force may be exerted. The blocks 
should be frequently renewed, and the blades of the rollers which 
gradually wear down, |hould not be permitted to become too 
short. • 

Machinbs called pulp refiners, now largely used in paper 
making, have recently been brought into use for the pulping of 
nitrqcotton, their function being to complete the reduction of the 
fiber after it has been partially reduced in a pulper, a more imiform 
pulp being obtained and with less expenditure of power. These 
machines are of various forms. The Milne patent refiner, for 
example, consists of a central disc armed with a large number of 
bronze bars, which rotate between two stationary discs suitably 
armed. The arrangement is such that the pulp passes each 
cutting face in succession, being forced between the bars against 
centrifugal force. Coarse fibers are, therefore, thrown back 
again and retained until sufficiently reduced. 

In the Hoyt hollander previously alluded to, the roller is 
placed at one end of a trough, and the material raised over the 
roller towards the back of the maphine. The trough is divided 
by a cross section, reaching from the roller to almost the opposite 
end of the machine, into an upper and lower compartment. The 
rifling is placed in the deepest part of the trough, and the rollers 
are provided, according to the requirements, with straight or bent 
knives. The pulper has a very rapid circulation, so that the 
nitrocotton can be thrown in very thickly, and no sediment is 
formed. In the Hoyt-Home pulper, the roller also lies at tl)e 
end of the trough, and moves the material from the deepest part 
of the trough over the whole diameter of the roller towards the 
'abruptly inclined neck, producing especially large falls for the 
movement of the nitrocotton. For this reason, and also on account 
of the favorable shape of the trough and tW position of the 
rifling on the floor, a most efficient and rapid circulation is obtained. 

The pulp trough is open, as in the old fashioned pulpers, and 
this is said to be of advantage in the constructon. There are 
nowhere places for dirt to settle or dead comers, and a washing 
dmm can be installed in connection therewith. The roller is 
very wide in respect to the capacity of the trough, and thus the 
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same effect is obtained as in pulpers with two smaller rollers, 
and requiring less power for transmission. 'Hie heavy cast iron 
roller is provided with strong knives, and possesses a powerful 
shaft running in oiled bearings, and provided with parallel shaft¬ 
ing and releasing devices, 'fhesc pulpers are funiished to three 
sizes; the front part near the roller together with the connection 
is always of iron, while the open trough in front can be made 
cither of iron or of concrete. 

A. Liedbeck' nitrates and grinds in one operation by means 
of a pulpcr provided with a hood to prevent acid vapors from 
escaping, the lowgr part of the pulper being prodded with a cooling 
jacket for regulating the temperature during nitration. The 
nitrating mixture is first run into the pulper and the machinery 
set in motion. The cellulose is then added, in accordance with 
the progress of the pulping. As soon as the mass is sufficiently 
comminuted, it is run into the centrifuge, where the acid is wrung 
out. The nitrated cellulose is then washed in the usual manner. 

In the J. Delpech method,- the nitrocellulose, after the 
usual washing process, is stabilized by treatment with superheated 
water in an autoclave. The water is ciradated by means of a 
pump, and a mass of yhalk, marble of the like, capable of neu¬ 
tralizing traces of acid present in the water or liberated during 
the treatment, is interposed in the circuit, in order to keep the 
water perfectly neutral and thus prevent hydrolysis of the nitro¬ 
cellulose. 

In the V. Voigt process,’ the nitrocellulose is first fretd from 
the nitrating acid, and then chopped up in a cutting machine, 
such as a forage or meat chopper, a paper cutter,' or a planing 
machine, instead of, or in conjunction with the usual treatment 

1. U. S. P. 7184»t, 190.3; E. P. 14890, 1897; 27397, 1898; F. P. 285488, 
1899; D. R. P, 96109, 110289; Bclg, P. 12892.5, 1897; Swed. P. 8049, 1896; 
abst. J. S. C, I. 1897, 16, 656, 760; 1899, U, 401; 1903, 22, 165; Mon. Sci. 
1898, S2, 94; 1899, 54, 189; 1901, 57, 29; Rev. Chim. Ind. 1899, 15, 183; 
Chem. Centr. 1898, 5$, I, 1222; 1900, 71, II, 231; Chetn. Tech. Rep. 1898, 
57, 221; Jahr. Chem. 1898, 51, 1382; Meyer Jahr Chem. 1898, 5, 327; Wag. 

i ahr. 1898, 44, 372; 1900, 45, I, 397; Zts. ang. Chem. 1898, 11,167; 1900, 
S,S2S. 

2. F. P. 441481, 1912; abst. C. A. 191.3, 7, 893»Chera. Ztg. Rep. 1912, 
15,671. 

3. F. P. 470748, 474833, 1913; *st. Mon. Sci. 1916, 51, 66 ; Chem. 
Ztg. Rep. 1917, 41, 23; J. S. C. I. 191,5, 34, 199, 1118. D. R. P. 190073, 
1906; abst. Chem. Zentr. 1907, 75, II, 1881; Mon. Sci. 1910, 75, 126; Chem. 
Ztg. Rep. 1907, 31, 614; Wag. Jahr. 1907, 55, I, 421; Zts. Schiess. Spreng. 
}907, 2, 436, 
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ih beating engines. One could be facetious in cbmmenting on 
this process. The J. Walton pulper’ offers nothing new in con¬ 
nection with the pulping of nitrocellulose. 

According to A. Colassi,^ nitrocellulose intended for the 
manufaoture of cel)uloi(f should undergo a process *of stabilization 
with hot water’d subsequent troubles are to be avoided, since 
even the most thorough washing with cold water is not sufficient 
to eliminate the unstable fonns of nitrocellulose of a low degree 
of nitration. The material on coming from tlie hydroextractors 
or nitrating pots is ground in a hollander, and is afterwards 
repeatedly washed with successive changes of hot water until 
it is sufficiently purified to pass the heat test for stability. Two 
gm. of the nitrocellulose is placed in a test-tube and heated in a 
paraffin bath at 1.30°; a satisfactory material should not decom¬ 
pose with formation of brown fumes in le.s.s than an hour at this 
temperature. The occurrence of white points in celluloid is 
sometimes due to the presence of particles of nitrocellulose of a 
high degree of nitration; these white points are insoluble in alcohol 
and camphor, but may be recognized by their gelatinization in 
acetone. 

A. Luck and C. Cross’ stabilize by adding to the nitro¬ 
cellulose an aqueous solution of zinc chloride. The “guncotton 
engine” of S. Mackie and C. Fame* is now mainly of historical 
interest. 

Some firms construct what is known as an "auxiliary refining 
engine,’.’ the function of which is to take the nitrocotton from 
the pulper and reduce it to any finsness required in n\uch less 
time than the regular pulper. This auxiliary refiner consists of 
an iron revolving disk with steel blades on both sides. This 
'revolves between two other blades, one on each side, and by the 
action of the revolving disk the material is ground to the fineness 

1. U. S, P. 928009, 1909. 

2. Caout. Guttap. 1918, 15, 9604; abst. J. S, C. I. 1918, 37, 686 -A: C. 
A. 1919, 13, 514. 

3. U, S. P. 66.5792, 1901; abst. J. A. C. S. 1902, 24, 51; Mon, Sci. 
1901, 57, 287. E. P. 18868, 1889. F. P. 282320; abst. Mon. Sci. 1899, 
35, 187. D. R. P. 117349, 1898; abst. Mon. .Sci. 1901, 57, 148; Chem. Centr. 
1901, 72, I, 288; Chcin.' Ztg. Rep. 1900, 24, 93; Jahr. Chem, 1901, 54, 895; 
Wag. Jahr. 1901, 47, 1, 492; Zts. ang^Chein. 1901, «, 117. Belg. P. 138487, 
1898; 142091. Can. P. 86782. Ital. P. No. 90,1»9, May 31, 1899. Norw. 
P„ May 10, 1899. Swed. P., May 8, 1899. 

4. E. P. 2693, 1872; abst. Jahr. Chem. 1874, 27, 1123; Chem. News, 
1874, 29, ^66; Dingl. Poly. 1874, 215, 174; Her. 1874,6,741. 
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required. To adjust the fineness^the two stationary plates may , 
be brought closer together by means of a screw gear operated 
by the handle on the outside of the machine. The parts are 
interchangeable, the front and back plates and disk being replace¬ 
able. Excessive pulping increases the solt^ility of guncotton in 
ether-alcohol, while long treatment with even such feeble ftikalis 
as calcium carbonate tends to hydrolyze cellulose nitrate. 

Since the introduction of the very thorough system of puri¬ 
fication by boiling, the original process of pulping as patented by 
J. Tonkin,* and three years later by F. Abel* has not the impor¬ 
tance as a purification process as formerly. However, there is 
no doubt that with a long staple cotton the tubes contain im¬ 
purities which are best and most readily removed by disin¬ 
tegrating the individual fibers, and pulping not only reduces the 
length of the fibers by breaking, but crushes them as well, so that 
impurities may be removed mechanically as well as by solvent 
action. 

Irrespective of the apparatus used, method employed, or 
type of nitrocotton operated upon, as soon as the material has 
been reduced to the desired degree of fineness, the valve in the 
bottom of the pulper is opened, and the nitrocellulose in sus¬ 
pension allowed to flow away to settling* rooms, as detailed in the 
succeeding topic. 

Settling the Pulped Nitrocellulose. In some plants it is 
customary to run the pulped nitrocotton directly into settling 
rooms on a lower level than the beater, the rooms being lined with 
tin and having a floor also of tin containing many small pdtfora- 
tions. There the pulped stock is allowed to settle, the water 
meanwhile funning off through the perforations in the floor, 
in a manner similar to that employed in pulp and paper mills, 
'fhorough draining is complete in 12 to 24 hours, depending upon 
the fineness to whicl^the nitrocotton has been reduced, and the 
physical condition of the material. Whereas in the pulping 
process the ratio of nitrocellulose to water is usually about 1 to 10, 
after draining this has been reduced to about 1 to l‘/j, t. e., the 
former still contains about 150% of water. 

In an alternate method, the properly pulped stock is pumped 

1. E. P. 320, 1862; abst. Mon. Sci. 1910, 72, 728. 

2. E. P. 1102, 1865; U. S. P. 59888, 1866; P. P. 69079,1865 (Oct. 20), 
Addn. July 18,1868. J. Roy, U. S. Inst. 1865, t, 345. 
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by means of centrifugal or other form of pump directly to the 
poachers’Vhere an additional purification and blending process 
takes place. 

Poaching the Nitrocellulose. It being* assumed that the 
operation of pulping has reduced the nitrocellulose to the required 
degree of fineness, the next operation is to wash out the impurities 
freed or ‘‘loosened up” by the previous processes to which it has 
been subjected. Poaching is designed to fulfil this, and at the 
same time to blend the material in a uniform manner. 

The term poacher (also spelled potcher) is rather loosely 
defined, and stri&ly speaking, does not possesi the same signifi¬ 
cance in Great Britain and on the Continent that it does in the 
United States. In Great Britain the poacher proper, shown in 
Fig. 220, consists of a large oblong iron trough with rounded ends, 
and with a central partition, somewhat like a hollander or beater, 
round which the pulp is circulated. 

In the original form, a power-driven paddle wheel was used 
for circulating purposes, but in the larger and more recent types 
this has been replaced by a centrifugal pump. Fig. 221 shows the 
poachers as operated at Stowmarket, England. The poacher of 
this type being a flat vessel, careful adjhstment of the parts in 
relation to the load carried is essential to ensure thorough and 
uniform agitation. The treatment in general consists in a series 
of washings with cold water, the pulp in each case being stirred 
up fog a short time, allowed to settle, and as much water as possi¬ 
ble removed by skimmers. In England a small amqunt of chalk 
is added as a stabilizer for nitrocellulose intended for the manu¬ 
facture of cordite, being introduced in the last washing, when 
< sufficient has not been deposited on the fiber during boiling from 
the natural alkalinity of the wash water used, or the cl;alk added. 

The washing treatment may also be caAied out in large vats 
or tubs called tuns, consisting of large cylindrical vessels of wood, 
or less often of iron, fitted with power-driven stirrers, and capable 
of holding 8,000 to 10,000 lbs. of gtmcotton. Considerable 
attention has been given by Nobel’s Explosives Co. to the improve¬ 
ment of the stirring arrangement in these tuns. It has also been 
found that the ordinary strut form of stkrer gives very inefficient 
mixing, the proportion of nitrocotton to water at the bottom of 
the'tud being very much greater than towards the top. This 



Fio. 221. —Poachers or Tuns, as Instaixed at Stowicarkst 
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orm of stirrer has also the disadvantage that if the pulp is allowed 
o settle tcte long, it m^y be impossible to again start the stirrers. 
iTiis difficulty has been overcome and almost perfect mixing 
>btaine(| by the use of i stirrer shaped like a trtmcated cone, the 
nixing being, promoted in a vertical direction, due to the differ- 
;nce between the circumferential speeds at the top and bottom 
)f the cone. 

In the case of poacher washing, as the poacher holds but about 
1,000 lbs. of nitrocellulose, it becomes necessary, in order to obtain 
a uniform blend and efficient washing, to transfer the washed 
pulp to separate bfending vessels. Large iron tdnks are used for 
this purpose. An installation of centrifugal pump poachers and 
blending tuns is illustrated in Fig. 222. 

The poachers in use at Waltham Abbey hold about 1,000 lbs. 
nitrocotton, and about 1,100 gal. of water, and are equipped with 
power-driven paddles for agitation purposes. The nitrocotton 
receives at least three washings, being allowed to settle after 
each washing, and the wash waters removed. ' The wash water 
contains in suspension foreign, bodies of a lower specific gravity 
than guncotton, and in thejirst washings, there is always present 
a scum containing nitro-bodies of low stability. 

Practice in various countries, and with manufacturers in the 
same country differs widely as to whether the poaching treatment 
is confined to a series of cold water washings, followed by washing 
with wqter near the boiling point in the same or different con¬ 
tainers, or whether the poaching is entirely conducted in one 
series of vats and hot water only used. Where sufficient equip¬ 
ment and capacity is at hand, the most approved practift; appears 
•to be to simultaneously pump the contents of several pulpers into 
the same poacher, the latter being made of maximum,capacity 
for economical manipulation, in order to obftiin, incidentally, a 
blending of maximum uniformity. Usually the poachers are 
made of « minimum capacity to take the contents of at least 
four beaters each. By arranging the poachers in series of two 
pairs with sides touching, and locating the pumping mechanism 
so that it is in the center and above the tops of the four round 
poaching vats, and by providing a device whereby the pulped 
nitrocotton is made to flow into each poacher uniformly during 
the pamjling operation,oit is possible to ‘evenly distribute some 



Fio. 222. —Installation of Centiufucal Pump Poachers and Blending Tuns (Nobel’s 

Explosives Co.) ^ 
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o( the contents of thirty-two (beaters in a. single poacher. 

The most approved practice in the United States is to pump 
directly thft.contents of the beaters into poachers.* In Fig. 223 
is shown a row of 24 of the 48 poachers installed at the Old Hickory 
plant of the du Pont Cp., each of capacity of.over 10,000 lbs. 
nitrocottbn, and of a total capacity, therefore, of one-half million 
pounds. The water used for poaching, may, or may not contain 
a trace of sodium carbonate. The poacher is sometimes referred 
to as a “stuff-chest.” Prom the poaching operation, the now 
neutral and sufficiently stabilized pulp is either screened, as by 
a Packer screen, or passed over blankets to remove inorganic 
impurities and insufficiently beaten fibers, and continue the blend¬ 
ing operation. 

The blending up to this point has been very thorough. As 
indicative of its efficiency, F. Nathan^ has reported that in 1907- 
1908, of 291 tests representing 600 long tons of nitrocellulose 
produced, the nitrogen varied but from 12.93% to 13.05%, with 
a mean of 13.019,5%. 


As judging of poacher capacity, the following is a concrete 
example: Sixteen poachers, each 9' x 11' high, round, in a battery 
of four rows of 4 each, driven by shafting at the bottom between 
the first and second rows, a%d the third and fourth, may be run 
by two motors, each form K, cycle 60, h. p. 69, volts 440, speed 
number of load 600, full load 575. For pumping the pulped nitro¬ 
cellulose to the poachers, there is required h. p. 5, volts 440, amperes 
6.7, phase 3, frequency 60, r. p. m. 1150. 

The' piping system from pulper to poachers, and from the 
latter to the dehydrating centrifugals, should be so arranged for 
the maximum of blending effect that the contents of apy beater 
may be pumped to any poacher, and from any one of the latter, 
to any of the dehydrating wringers. 

Removal of Foreign Matter. The coiprainution" of the 
nitrocotton incidental to pulping has mechanically separated 
insoluble siliceous and metallic particles of greater density than 
the nitrocellulose, and it is customary to provide some mechanical 


1. J. 8. C. I. 1909, 28, 177, 181; abst. C. A. 1909, 3, 1342; Chem 
News, 1909, 99, 83; BuU. Soc. Chim. 1910, 8, 60; Mon. Sci. 1910, 111: 

Rep. Chim. 1909, 9, 376; Chem. Zenir. 1909, 80, I, 1678; Chem. Ztg. 1909 
18, 208; Chem. Ztg. Rep. 1909, S3, 146; Jahr. Chem. 1909, 82, II, 388; Meyei 
Jahr. Chem. 1909, 19, 333; Wag. Jahr. 1909, 85, 1,431; Zts. ang, Chem. 1909 
22, 1614; Zts. Schiess. Spreng. 1909, 4, 285, 327. 




Fig. 223. —Poache* House (E. I. DC Pont db Nemours Co.) 
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jurangement in order to removal from the pulpiJd material any 
particles of grit, iron or other extraneous matter. 

This duechanical purification is usually brought about by 
.suspending the nitrated cotton in a large bulk of water, in which 
condition it may be tvn through what is known as grit traps, 
placed'at convenient intervals in a long, shallow trough, pre¬ 
ferably of concrete, the bottom of which is covered with blanket. 
Such an arrangement is shown in the photograph in Fig. 224, 
being the arrangement as installed at Nobel’s Explosives Co. 
plant at Ardeer, Scotland, and together with Fig. 22.5, reproduced 
herewith through the courtesy of this Company. 

Any foreign matter, such as sand or piccss of metal picked 
up in the normal course of manufacture, would be a source of 
danger at a later stage when the nitrocotton is dry and sensitive 
to friction. Trays fitted with spikes are also placed in the chutes, 
and are useful for retaining long fibers which have partially 
escaped pulpipg. In some factories straining machines are 
employed for this purpose, as explained in the succeeding topic. 
It will be observed by reference to the photograph that the 
chutes have bars laid across them at frequent intervals, these 
bars acting as grit traps to retain foreign matter. 

The pulp is then parsed over electrp-magnets as shown in 
Fig. 225, being in the form of knobbed bars for the elimination 
of finely divided iron, after which the nitrocotton is ready for 
washing. 

Some factories use a contrivance known as a “knotter,” 
being An appliance to remove small knots or large pieces of imper¬ 
fectly pulped nitrated material. 'This is in addition to the grit 
traps, electro-magnets and rocking screen, through,which the 
^ pulped mass is passed before centrifugal dehydration. 

If the nitrated cellulose is to he used for transparent splutions 
as lacquers, bronzing liquids, or for the fqrmation ot artificial 
silk or similar filaments, where it is necessarily subjected to a 
careful filtration before use, the previously described refinements 
are not Is necessary because of the thorough filtration to which 
the pyroxylin solutipn is subjected before use. 

Where the nitrated cotton_is to be used for smokeless powder 
and similar explosive compounds, especially for small arms or 
shoulder ammunition, subsequent filtration of the colloid cake 
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Fig. 224.— Chdtbs Pob Rbmovino Forbion Mattbr (Nobbl's Exn.osivBs 
Co., Arobbr, Scoti.ani>) 
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through the macaroni press as described in Volume VII is sup¬ 
posed to remove all the larger insoluble matter, but dbes so only 
with those particles larger than the mesh of the sieve in the macaroni 
press, and does not effectually remove‘particles of a diameter 
under 0.5 mm. • 

Blending. During the entire series of operations for the 
purification of the cellulose, blending is unwittingly made, and 
also from the nitration of the cellulose through preliminary 
boiling, beating, poaching and centrifugal dehydration, the 
thorough agitation to which the fibrous and pulped nitrocellulose 
is necessarily suTijected, usually results in an' intimate blending. 
The process of pulping, especially produces a uniform product 
up to the capacity of an individual beater. Poaching carries on 
this blending in a more systematic manner, especially where the 
contents of several beaters are distributed’into'^ number of 
poachers, and also in larger amounts at a time, the usual size of 
beaters used being equivalent to but 1000 to 1500 lbs. of dry 
nitrated cotton. 

In those applications, however, in which solubility, viscosity, 
nitrogen content and stability are required to be brought to a 
definite and uniform sfandard, the nitrocotton is usually subjected 
to a separate and distinct process of blending, immediately pre¬ 
ceding the final centrifugal dehydration. When the nitrocotton 
is intended to be used in the fluid state, satisfactory blending may 
be attained by dissolving the material in large containers, either 
with or without mechanical agitation, but usually with the 
latter. 

It is Customary after stabilization, for viscosity and stability 
determinations to be made, from which the use of the product* 
to fulfil certain technical requirements is determined. From 
the results obtainefl, definite amounts of various nitrocelluloses 
may be mixed in proportions indicated by the analysis, to pro¬ 
duce mixtures of pre-determined constants. In thi% manner, 
nitrogen percentage, stability, viscosity and solubility may be 
adjusted within comparatively narrow limits, and increased 
uniformity thereby resulting, eVen although quite dissimilar 
nitrocelluloses may have been used. 

While not required by the U. S. army pyrocollodion powder, 
there are manyi grades of guncotton used for military*purposes 
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which require a final mixing or blending of not les$ than 6 to 10 
poacher lot*, this blending to immediately follow the poaching 
and the mechanical removal of impurities. This blending, of 
course, is performed fa- the sole pmqxjse of* securing greater 
uniformity i^ the nitrocotton as determined by the various tests 
in the laboratory to which the material has been subjected, for 
it is upon the results of these tests that the nitrocotton is accepted 
or rejected for the particular purposes intended. Individual 
poacher lots showing tests which place them outside of the 
specifications, can still be made to fall within the requirements 
by judicious blending. A series of four blenders joined in one 
is shown in /ig. 220, the capacity of each being about 100,000 
lbs. ahd hence of a capacity of 10 to 15 poachers. In making a 
blend, the piping and pumping arrangements are usually such 
that the contents of one poacher may be pumped into one or more 
blenders at the same time, this being accomplished by means of 
a central pipe located at the top of and between the blenders. 

The nitrocotton from the poachers, still containing the final 
wash water, is run in the blenders by means of centrifugal 
pumps electrically driven, ^he agitators in the blenders having 
been started a few minutes previously to prevent a settling of the 
nitrocotton and thus causing jamming. The scheme of propulsion, 
is indicated in Fig. 227. Nitrocotton in suspension is continually 
pumped into the battery of four blenders until the latter are 
full, agitation being meanwhile continued, at about 45 r. p. m. 
A sample for analysis should not l]e taken until the blender has 
been run to full capacity for at least one hour, and a more adviz- 
able practice seems to be to take three samples, one at the begin¬ 
ning, one after one hour’s agitation, and the third just before the 
blender agitators have been shut down. The total time of run¬ 
ning the blender will vary from two to six hours, or even more, 
depending in a great measure upon the speed of pumping from 
poacher tj blender, and the number of the former which are 
installed. Blending is preferably continued until after the 
analysis of the samph withdrawn has been completed, for some¬ 
times it is found that after the tests have been made, another 
poacher contents is required in order to meet the specifications. 
From the blender, the stock is transported to the dehydrating 
centrifugals, now having been proven byjjhysical test and chemical 
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analysis to meet the specifications which have been-impoised upon it. 

It is customary to erect tke dehydrating centrifugals at 
such elevations that the bottom discharge empties directly into 
a metal-lined receptacle which is usually a large room, with a 
capacity of several tons.^ The nitrated cotton.carrying from 30% 



Pio. 227.—Plan of Nitrocbi.lulosb Blendbrs, Showing Stwring 
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to 35% of water and being in a finely divided condition can be 
thoroughly mixed in such a room by hand by means of wooden, 
so-called, “potato” shovels. If intended for smokeless powder 
use, from this room it Is weighed out in such amounts that one batch 
will completely fill an alcohdl hydraulic displacement press, 
placed in zinc or tin-lined wooden boxes preferably with her- 
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■ tnetically sealed covers, and storld in an adjacent building until* 
required. . 

In 1897, A. Liedbeck* obtained patent protection fot*a process 
intended to obviate the disadvantage of want of uniformity 
resulting from the ordinary methods of nittation, by allowmig the 
beating or pulping and nitration to proceed simultaneou.sly. 
In his preferred method, the acid mixture is introduced into the 
beater which is then set in motion, the cellulose being introduced 
by degrees preferably through a feeding aperture in the hood 
until the whole quantity of cotton weighed off has been introduced. 
When the mass has acquired the fineness desired it is then freed 
from excess of acifi centrifugally and washed td' neutrality in the 
usual manner. It is evident that in this protess, a-s, dcscril)cd, 
there must be a large loss of cotton, both by solution in the nitrat¬ 
ing mixture and in .subsequent washing, while the ratio of acid 
to cotton must be great in order that the last portion of cellulose 
immersed may be reacted upon by nitrating acid of practically 
the same composition as the first portion. So far as aware, this 
process has never altained commercial prominence. 

The International Smokeless Powder & Chemical Co.® have 
obtained patent protection for the idea^f blending nitrocelluloscs 
of varying solubility aftd nitrogen content, by dissolving them 
separately in the solvent or solvent mixture especially suitable , 
to each, then mixing together the resulting solutions, and obtain¬ 
ing the nitrocellulose therefrom by removal of the solvent. 

In the method as described by A. Nobel and A. biedbeck* 
solutions of nitrocellulose or nitrostarch are evaixsrated in very 
thin layers on a rotating drum or the inner cylindrical surface 

1. tJ. 5. P. 718484,1903; E. P. 14690, 1897; 27397, 1898; E. P. 28.5488, 
1899; D. R. P. 96109, 110289; Belg. P 12892,5, 1897; Swed. P. 8049, 1896; 
abst. T. S. C. I. 1897, IS, 056, 760; 1899, 18, 401; 1903, 22, 165; Mon. Sci, 
1898, 52, 94; 1899, 54, 189; 1901, 57, 29; Rev. cliim. ind 1899, 10, 18:); Chem 
Centr. 1898, SO, I, 1222» 1900, 71, II, 231; Chem. Tech. Rep. 1898, 37, 221 
Jahr. Chem. 1898, 51, 1382; Meyer Jahr. Chem. 1898, 8, 327; Wag. Jahr. 
im 44, 372; 1900, 4S, I, 397; Zte. ang. Chem. 1898, 11, 167; 1900, 11, 625. 

2. D. R. P. 179634,1903; abst. Wag. Jahr. 1907,1,477; Zts. ang. Chem. 
1907, 20, 1195; Chem. Zentr. 1907, I, 1475; Chem. Tech. Rep.* 1907, 11, 
32; Chem. Ind. 1907, 10, 60; Zts. Schiess. vSpreng. 1907, 12; C. A. 1907, 
1, 2202. B. P. 13457,1903; abst. J. S. C. 1. 1903, 22,.063; Arms and Explos. 
1003, 11, 144; Chem. Ztg. Rep. 1904, 28, 10,30. E. P. 23262, 1901; abst. 
Arms and Explos. 1901, 0, 63. Can. V. 84502, 1903. U. S. P. 781926, 
1905; abst. Mon. Sci. 1905, S2, 142; J. A. C. S. 190.5, 27R, 588. 

3. Swed. P. 9773, 1897; abst. Chem. Ztg. 1899, 21, 650; Chem. Tech. 

■ Rep. 1899, 18, 196. 
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of a rotating centrifuge, the evaporation of the solvent being 
aided by a current of warm air. Care must be t^en not to add 
more solution until the previous layer is perfectly dry, an entirely 
homogeneous powder resulting. The claim is made that powder 
suitable for the largest cannon can be thus pftxkced and that the 
powder contains no pores and no residual solvent, 'fhe above 
process has been modified' by first forming films of lower nitrated 
material containing 10% N, upon which a layer of 13.5% N 
nitrocellulose is deposited, a final layer of the lower nitrated 
product being superposed. The films thus obtained are used 
either as spirals or small leaves. 

Screening the Pulped Nitrocellulose. EJiher in conjunc¬ 
tion with, l>ut more often as a substitute for, the processes for 
removal of foreign impurities mentioned in the preceding topic, 
is the employment of some form of diaphragm screen for mechani¬ 
cally separating the properly pulped material from that which 
has not been sufficiently subdivided. The pulped nitrocotton 
su.spended in a large volume of water is run over sieve bars to 
which a rocking or oscillatory movement has been imparted, 
whereby the finer particles are sifted in a wet condition, and the 
coarser product is caught, to be returned and retreated. 

The photograph of the Dowflingtown'diaphragm pulp screen 
shown in Fig. 228 is what is known as a “12 plate" screen, in 
which there are 12 bronze plates 12’ wide and 42’long. The 
machine consists of a vat in which the plates are fastened; a 
frame on which the vat is mounted; a How box fastened to the 
frame; cast iron open side end frptnes, and a connecting girder ex¬ 
tending from the end frame to end frame on which the bearings for 
the screen shaft is mounted. The vat is constructed oiS' cypress 
.lumber bolted together, and having oak cross bars for supporting 

1. Swed. P. 9775, 1897. D. R. P. 97090; abst. Wag. ^hr. 1898, 
«, 370; Chem. Centr. 1898, SJ, 11, 087; Cbcm. Ztg.,1898, 22,^5; Zts. ang. 
Chem. 1898, U, 676; Mon. Sci. 1898, 52, 266. H. Maxim (E. P. 16858, 
1890; F, P. 2678H, 1897; abst Mon. Sci. 1897, 49, 510; 1898, 52, 187; Rev. 
chim. ind. 1898, 8, 374; Chem. Ztg. 1898, 20, 558; Jahr. Chem. 1897, 50, 
1509; Meyer Jahr. Chem. 1897, 7, 301) has described a method of blending 
of the finished nitrocellulose, in which fibrous guncotton is made into paper, 
the surface of the paper is then made adhesive, and a number of sheets are 
pressed together to build up the explosive. The paper may be stilt further 
blended by being made from a mixSarc of guncottons of different solubility 
and nitrogen content, the more soluble being dissolved before the compres- 
sion of the sheets. The sheets are finally cut into strips or squares to pro¬ 
duce the finished powder. 



Fio. 228 .—The Downinctown Pulp Screen 


NITRATION OP CEl.I.UU)SE 


2113 




2114 TECHNOLOGY OP CELLULOSE ESTERS 

• 

•the screen plates. The vat framft is of yellow pihe bolted together, 
and having cross timbers to which the diaphragms^are fastened. 

Por+eady acces^bility to the diaphragms, the vat is pro¬ 
vided with swing bolts and hinged locking clamps as shown in 
the photograph. The diaphragms are of 5-pfy rubber and cotton 
duck, secmely fastened to the vat frame and clamped to the oak 
diaphragms attached to the pitmans. These latter are connected 
to diaphragm at top and ride on cams. The pitman shoes are 
compelled to follow the cams by means of springboards, made 
adjustable with spiral springs and hand nuts. This construction 
ensures smooth running with a minimum of noise. 

The screen isPprovided with a flow box of cypress, and equip¬ 
ped with a^ljustable flow boards to insure even flow of screened 
stock. The screen plates are of bronze, 12" x 40" x Vie" thick, 
with slots 0.00(5". Witham screen plate fastners are furnished 
when called for. 

Another type used extensively in the screening and separa¬ 
tion of impurities from pulped nitrocellulose is the J. Packer’s 
open side, sectional diaphragm screen,’ as niade by the Sandy 
Hill Iron and Brass Works, Sandy Hill, N. Y., being constructed 
of cast iron open side e^d frames connected by cast iron girt 
bolted to the end frames, and provided with two ‘Vi«" steel cam 
shaft, with cams of S’/n" face, keyed to shaft, for operating the 
diaphragms. This machine is shown in Fig. 228. Of especial 
interest in connection therewith, is the G. Witham screen plate 
fastener* illustrated in Fig. 229, with one of the screen plates 
enlarged, detailed in Fig. 2,20. The stock pulped in a thin paste 
by means of a large bulk of water, is flowed over "this vat with 
screen plates in motion, thus filtering the finely pulped nitro- 
.. cotton, while the grit, and larger particles pass on. An arrange¬ 
ment of this nature is very efficient for this purpose, being capable 
of expeditiously handling a large amount of material without re¬ 
cleaning. 

Deljydration of the Nitrocellulose. The properly pulped 
nitrocotton, poached imtil the desired stability has been attained, 
as shown by laboratory examination, the improperly or incom¬ 
pletely pulped fibers eliminated by screening, the iron removed 

1. U.vS. P.66993.2.1901. 

2. U. S. P. 678082, 1901. See also G. Witham, U. S. P. 680514, 
1901, for cleaner for paper pulp screens. 
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by electromagnets, and the silic* and other extraneous impurities 
also removed by means of grit traps or by blankets, it then only 
remains to deprive the nitrated cellulose of the wate» as far as 
possible by purely mechanical means, or aided by solvents, when 
the balance of the moisture is removed byrirying, and the product 
is ready for use in the arts. Dehydration of nitrocellulose is 
accomplished on a factory scale in one of the four following ways: 

1. Centrifugalization, followed by drying. 



Fio. 229. —Packer's Open Side Sectionai, Diaphragm Pulp Screen 


2. Centrifugalization, then displacement of water by alcohoU 
or other water miscible cellulose nitrate non-solvent, the entire 
process taking plac«»in the centrifugal. 

3. Hydraulic dehydration. More efficient than simple cen¬ 
trifugal dehydration, i. e., a larger proportion of the contained 
water is removable. 

4. Hydraulic solvent dehydration. Displacement of the 
major portion of the water remaining after hydraulic pressure, 
by the introduction of ethyl alcohol, and further hydraulic pressure. 
In practice, wherever process three is employed, the next process 
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Fjg. 230.—Union-W iTHAM Screen Plate Vat and Fastener 
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is used in conjunction with it. 

Processes t|vo or four (the employment of alcohol), are much 
the superior to simple water elimination,^ because the alcohol 
actually dissolves and removes lower nitrated celluloses of deficient 
stability. Therefore solvent dehydration increases the stability 
of the nitrated cellulose. This repeatedly has been jiroven by 


Fig. 231. —Witham Scshbn Flatus 

vacuum evaporation of the alcoholic extract and determining the 
nitrogen content and stability of the nitrated cellulose esters 
contained therein. In the manufacture of pyrocollodion ^moke- 
less powder, the alcohol will normally dissolve from l%-3% of 
bodies, of an average nitrogen content seldom exceeding 10%. 

The attove processes are described’ in the immediately suc¬ 
ceeding topics. 

Centrifugal Dehydration. But a relatively small proportion 
of the nitrocellulose hsed industrially is dried before use, chiefly 
on account of the additional time and expense involved, and also 
because of the danger attended by depriving the pyroxyjjn of the 
balance of contained moisture, and the inconvenience of trans¬ 
porting dry nitrocotton. In employing it in the moist state, 
there is not only a considerable saving of time between manu¬ 
facture and use, through elimination of the drying process, which 
at the low temperature required (25°-35°) necessitates several days. 
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• but the danger in handling and transportation of nitrocellulose 
is materially diminished where the latter *is Ifept continually 
moist, and in the ipajority of countries the transportation of 
nitrated eotton is prohibited except in very small quantities, unless 
containing a minimunppercentage of water. , 

"fhe usual method, after continued washing has resulted in a 
nitrocellulose of acceptable stability, is to remove the bulk of the 
water contained in the pulp, by means of a centrifuge, lined with 
fine canvas. The damp mass thus obtained contains from 32% 
to 45% of water, depending upon the speed of the centrifugal, 
and the length of time of the wringing process. At the end of 
the wringing, the nitrocotton is tightly pack^ against the sides 
of the rotating basket. By placing a rope, encased in doth to 
prevent particles of the rope contaminating the product, around 
the inside of the basket, at the close of the wringing operation, 
the rope may be readily detached, bringing the packed product 
with it. It is customary in this process to employ a centrifugal 
with bottom discharge, the Tolhurst wringer shown in Fig. 232, 
and in section in Fig. 233, being largely used Ih the United States 
for this purpose. 

This extractor is ma^e ia 32, 40, 48, 54, 60 and 72 inch sizes 
and is self-balancing, being provided •with “griddle” bottom 
discharge. The centrifugal has two openings in the bottom of 
the basket, and one opening in the case, through which the load 
is discharged after centrifuging. The wringer may be counter¬ 
shaft,^ motor or engine driven. After the moisture has been re¬ 
moved from the material, the lid is raised, and the load falls 
down into the waiting receptacle, thus doing away with the 
necessity of shoveling it out. The basket bottom is'of a special 
« grade of soft, but strong and tough cast iron. As a final pmi- 
fication treatment, the centrifugal may be provided with a spray 
nozzle, consisting of a finely perforated 49 mm. pipe, Arranged 
for properly spraying the nitrocotton, the pipe being permanently 
attachejl to the back part of the case cover. 

A battery of centrifugal dehydrating machines with bottom 
discharge, as installed at the Ardeer factory of Nobel's Explosives 
Co., is shown in Fig. 234. < 

In the centrifugal as patented by P. Kaehl,' the drum of the 
I. U. S. P. 840497,1907; abst. J. S. C. I. 1907,26,307. 



NITRATION OF CELLULOSE 


^iiu 


machine is formed of two frusto-conical sections connected 
together at their largest peripneries by a perforated ring, and 
mounted by a "spider” on a vertical shaft, by whicl; the drum 
can be rotated within a casing. The upper opening of the com¬ 
pound drum is larger than the lower, through which the material 
to be separated is fed by a pipe. The separated liquid'portion 
flows away over the edge of the upper opening, and the* solid matter 



J-'iu. 232.— Sbctionau View op Tolhuhsi Bottom 
Discharge Extractor 


is removed from the interior surface of the drum by stationary 
scrapers, carried by a sleeve which fits over the central shaft, 
and is discharged through the perforated ring which connects 
the upper and lower halves of the drum together. • 

In the employment of centrifugal wringers for this class of 
work, the fact should be borne in^mind that the number and size 
of the perforations, and the*distance between centers of the holes, 
has much to do with the relative efficiency of th,e apparatus, the 
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amount of water which may bejexpelled in a.given period of 
wringing at a pre-determined speed, and hence wi];h the volume 
of nitrocellulose which ^may be dehydrated efficiently in a given 



Fio. 233. —Toihurst Sblf-Baiancing Dbhvdratinc. Cbntriruoai, 

C 

time. This in turn depends in a large measure upon the physical 
state of the nitrocellolose, especially as to the degree of nitration 
to which the cellulose has been* subjected, and the fineness with 
which it has been beaten in the pulpers. 
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Flo. 234. —Installation of Crntkifuoal MACHiNsty (Bottom Discrakgb) 
AT Akdssk Factory, Nobrl’s Explosives Co. 
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. Where a nitrocellulose of oije kind or method of nitration is 
produced in large amounts for a considerable’ pepod, the above 
factors should be takep into careful consideration in the selection 
of the kind of centrifugal best adapted for dehydration purposes, 
especially as to the number, size and arrangepient of the basket 
perforation^. Too large perforations mean a more rapid moisture 
elimination,.but also a considerable increase in loss of fine nitro¬ 
cellulose, whereas too small perforations, while it diminishes 
mechanical loss of finely comminuted nitrated cellulose, also 
diminishes the output per machine. 

T. Irwin,' and A. Dunsmore^ have also described centrifugals 
suitable for this purpose. ' 

.With the A. Robertson apparatus,* the dried material is 
discharged from the basket of a centrifugal machine by a scoop 
device which projects from a hub surrounding the central shaft. 
When the machine is ready to be discharged, a brake is applied 
to the hub before the rotation of the drum is stopped, so that the 
scoops move relatively to the drum and detach the lower portions 
of the deposit, whereupon the remainder easily falls away. 

H. Edenborough,' H. Broadbent,* and H. Feamley* have 
patented centrifugal wringers'adapted to the removal of water 
from nitrocotton. The efficiency of these centrifugals is directly 
proportional to the radius of the machine, and to the square of 
the angular velocity.* 

According to F. Crane* premature explosion of wet gun¬ 
cotton* in centrifugal' driers is prevented by suddenly reducing 
the pressure within the receptacle, surrounding the centrifugal 
wringer when the moisture content of the nitrocotton has been 

, 1. E. P. 1.1.W8, 1913; abst. J. S. C. I. 1914, 33,1041. 

2. li. P. 12062, 1910; abst. J. S. C. I. 1911, M, 407. 

3. E. P. 8306, 1914; abst. J. S. C, 1. 1915, 84, 15. 

4. E. P. 21947, 1912; abst. C. A. 1914, 8, 1Q29; J. S. C. I. *1913, 32, 
954. It is claimed that a drying centrifugal of 42' diam. at 900 r. p. m. 
will give a uniform pressure throughout the mass of 500 lbs. per square inch. 
Using a 42' basket centrifuge at 1350 r. p. m. the nitrocellulose moisture 
may be reduced to 16% water. Such a centrifuge should be surrounded 
by ferroconcrete as protection to the workmen. 

5. E. P. 8376, iqi3; abst. J. S. C. I. 1914, 83, 582. 

6. E. P. 25849. 1912; abst. J. S. C. I. 1913, 32, 1104. 

7. C. Riviire and L. Clement?, Mat. Grasses, 3, 1896; abst. C. A. 1910, 
4, 3124. 

8. U. S. P. 1295089, 1919; abst. C. A. 1919, 13, 1152; J. S. C. I. 1919, 
33, 604-A. 
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somewhat reduced by centrifuging. This sudden reduction of 
pressure is said to cause rapid Vaporization of the moistiure re-* 
maining in the^guncotton, and thus serves to cool it, Md loosen 
up the mass. 

The continuous action centrifugal lyfdro-extractor of Soc. 
I^eflaive et Cie,' shown in Fig. 235, comprizes a number of .plane¬ 



tary baskots, 5, mounted on shafts, 4 , which hpve bearings in 
cross-pieces, 2 , j, carried by a central shaft, i. The shaft i is^ 
driven by a pulley, 22 , and the shafts 4 are driven slowly by 
epicyclic gearing, p, tfo, Ji, 12 , the teeth 12 being on the base¬ 
plate 6 . The material is fed to the baskets by a distributor, ly, 
on the shaft 1 . The discharge liquid is collected in a trough, 
j6, and the dried solids are forced by scrapers, 18 , ^iven by 
gearing, rp, 20 , into a chute, 2 J. 

The centrifugal extractor qf F. MOUer*, shown in Fig. 

1. E. P. 2753,1912. 

2. P. P. 408082, 1909. 
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236, has been put forward as especially valuable^for tte handling 
of nitrocellulose. 



Fio. 236 .—The MOller Cbntripuoal Extractor 


Centrifugal Solvent Dehydration. In any method of re¬ 
placement of water by a constituent present in the finished nitro¬ 
cellulose preparation—and all fluids for this puiyose must be such 
as enter into the final use to which the nitrocotton is to be put— 
the fluid used to eventually replace the water, must at least fulfil 
the following two conditions: " 

1. It must be miscible or nearly so with cold water in the 
proportions required to effect the degree of dehydration desired, 
and must also be a normal constituent present in the formula 
in which it is intended to use the pyroxylin. 

2. It must be a sufficient non-solvent not to gelatinize or 
cause incipient colloidation of the nitrocotton, for if it ^oes, then 
the water is removable with difficulty, or not at all. Further¬ 
more, the heat of combination with the water to be removed 
“must not be unduly high. 

The above generalizations preclude the use of any, of the 
pyroxylin solvents miscible with water without turbidity, although 
A. Dumford' has suggested the use of acetone as the dehydrating 
agent. However, in proceeding according to the prescribed 
process of the patentee, the cellulose nitrate is left as a putty-like 
mass, difficult to handle or subdivide. About the only bodies 

1. E. P. 20880, 1892; abst. J.' S. C. I. 1892, 11, 1056; 1893, 12, 890, 
949. E. P. 3578,1886; abst. J. S. C. I. 1887, 8, 226; Wag, Jahr. 1887, IS, 
569. 
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which have been found efficient for this purpose, therefore, are’ 
ethyl alcohol, or the first runnings in the rectification of crude 
fusel oil, and consisting primarily of propyl alcohol. This latter, 
although often producing an emulsion with water, is efficient for 
the purpose, and to be recommended when the nitroco^ton is 
to be employed for pyroxylin lacquers, bronzing fluids or water¬ 
proofing solutions. 

Ethyl alcohol at the present time, however, is almost uni¬ 
versally used, especially in the manufacture of smokeless powders, 
where it is afterwards colloided by the addition of ethyl ether 
thereto. Where ethyl or propyl alcohols are used, *1116 nitro- 
cotton can readily be disintegrated by the hand—i. e., it is not 
sticky.' * 

The alcohol is sprayed into the centrifugal during motion, 
and after the maximum of moisture has been removed by rotation 
alone, wringing is continued until the density of the alcohol- 
water running out of the centrifuge has a gravity corresponding 
to a known proportion of alcohol and water, when the spray of 
alcohol is turned oil, and wringing continued until no more fluid 
leaves the wringer. The nitrocellulose is then removed as quickly 
as possible to-minimize loss of alcohol by evaporation, and placed 
in weighed amounts irf air-tight containers, usually zinc lined. 
In any alcohol dehydrating process, the alcohol recovered is 
subsequently rectified for use again. 

A predetermined amount of alcohol is always added, the 
amount used being calculated by previous experimentation.. 

The Elektro-Osmose A. G. has taken out a series of patents* 
for the displacement of liquids in nitrocellulose by other fluids 
by the aid df electro-osmosis, in which the materiaHo be treated is 
subjected to the action of the electric current between electrodes, 
the displacing liquid being introduced at one electrode and the 
displaced liquid remofed at the other. The material is separated 
from the electrodes by diaphragms, lire process is accelerated 
by the use of electrolytes, viz., by those containing 0^-ions if 
the liquid moves towards the cathode and by those containing 
H-ions if it moves towards the anode. In displacing water from 

1. G. Gentieu, U. S. P. 931749, 1#09; abst. Mon. Sd. 1910, 71, 130; 
C. A. 1909, 1, 2763; J. S. C. I. 1909, 2t, 1066. 

2. D. R. P. 306612, 307701, 307702,1917; abst. J. S. C- I- 1920, W, 
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ftitrocellulose by alcohol, for erfample, alcoljol is fed in at the 
anode, and the displaced water collects at the'cathode, both 
electrodes' being perforated. The cellulose bodies for which the 
process iJ particularly suitable, are, for electro-osmotic purposes, 
almost, without exception electro-negative, ao that the process 
is favorably influenced by the addition of a small quantity of 
ammonia, caustic soda, etc. The displacing liquid is introduced 
and the displaced liquid removed at places corresponding to the 
specific gravities of the respective liquids. For example, the 
displaced fluid is drawn off at the lowest point if its specific 
gravity is greater, and at the highest point if its specific gravity 
is lower, than thdt of the displacing fluid. Tie displacing fluid 
is CQoled before use, enabling stronger currents to be employed 
without the risk of attaining dangerous temperatures. 

In the alcoholizing centrifuge as designed by Selwig & Lange 
and shown in Fig. 237, the basket of the centrifugal has, besides 



* Fig. 237.—Sbiwig & Lange Cbntrifugai, Pvkoxwn 

Dshydhator 

. *> 

an outer rim, an inner finely perforated one, and a detachable 
cover of aluminium or bronze for covering the space between the 
two. If( this circular space, which is lined with a cotton sack, 
the wet gun or collodion cotton (122 lbs. or 60 k.) is rammed 
somewhat tightly.' The detachable cover is then fitted on, and 
the drum closed with the tightly fitting lid. A finely perforated 
pipe is then inserted in an opening in the lid, through which the 
guncotton is given a preliminary coating of weak, already used 
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alcohol, whWi is followed by a second covering of alcohol of the 
desired strength. Guncotton tretted with alcohol by means of* 
the centrifugal Itas the same alcohol content <0 as that 

which has been hydraulically pressed out. • * 

The output of a centrifugal is said to be about 000 k. of wet 
guncotton in ten hours, and depending oft the diameter ^ the 
centrifuge basket. • 

The drum of the centrifuge has two walls, the inner one with 
finer perforations than the outer, the space between the two walls 
being covered with a tightly fitting bronze ring. After removing 
this cover the perforated surfaces are covered with suitable wt- 
ton cloth, the nitrocellulose introduced being finnl/ packed. 
The cloth is tucketf down over the charge, the riifg cover adjusted, 
and the centrifuge started. At first, rotation should 4)0 slow, to 
permit of even distribution, and also to ensure that the alcohol 
displaces the water, rather than to have the centrifugal force so 
great that it admixes with it. The maximtnn speed is given as 
1000 r. p. m., and this is continued for .5 minutes. 

The alcohol is sprayed against the dnim from the inside 
through a copper pipe having a plurality of fine perforations 
evenly distributed, the pipe being fed by a rubber hose from the 
alcohol storage system. At first for the*sake of economy, weaker 
alcohol from a previous operation is used, finally employing fresh 
alcohol as indicated, according to the nature of the nitrocellulose 
operated upon, or the final use to which it is intended to be placed. 

At first, 35-^5 liters of alcohol arc .sprayed in, and after 12-15 
minutes whizzing no further amount of alcohol will run off. .Then 
the strong alcohol is sprayed on to the nitrocotton, until the liquid 
issuing from the centrifugal has a pre-determined density. The 
finished nitrt)COtton is said to contain about 30% alcohol. When 
operating upon relatively low nitrogen pyroxylins, i. c., the 
collodions, the strength of alcohol used must, of course, be so 
adjusted that no gelatinizing effect is induced. 

Hydraulic Dehydration. The subject of hydraulic dehydra¬ 
tion in general, and solvent hydraulic dehydration in particular, 
being more correctly speaking a process primarily in conjunction 
with the manufacture of nitrocellulose smokeless powder, is 
detailed in extenso in Vol. VII of \his series under the general 
heading of the colloidation of nitrocotton into powder grains and 
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granules, and is, therefore, only super^^IIy touched upon lun, 
' Bxcept in connection witl9 the manufacture of guncotton 
blocks, the hydraulic removal of moisture from mtroceUulose by 
pressjire,'unaided by-the presence of alcohol or similar body, is 
seldom attempted. Therefore in speaking of hydraulic dehydra¬ 
tion yithout limiting explanation, it is to he understood as com¬ 
prehending the use of alcohol as a secondary portion of the proc¬ 
ess. Afftr the nitrated cellulose has been pulped, poached, and 
the water removed by centrifugals, the contents of the wringers 
are either dumped itito a waiting car underneath by means of the 
bottom discharge in the wringer, or to a lead or zinc-lined room 
underneath the wringer. In either method of procedure, the next 
operation is to w^igh the nitroeotton into batches, one batch per 
zing-lined box, the batches being of such size as to just fill the 
solvent hydraulic dehydrator. These boxes after weighing, and 
before using for hydraulic dehydration, are usually stored in a 
small building adjacent or contiguous to the hydraulic dehydra¬ 
tion apparatus, i. e., usually midway between the centrifugal 
house and tht press room. With the proportion of about 30% 
of water present in the nitroeotton, the boxes and their contents 
may be stored for long periods with perfect safety before receiving 
further treatment, the covcrsnscd fitting so clo.sely as to be practi¬ 
cally air-tight, and admit of but little dr^^ing out from escape of 
moisture., 

Instead of centrifugal dehydration, the nitroeotton may be 
further pulped and blended by passing through a “wet machine” 
(Kig. ?38) from which the pulp issues from the rollers in a flake 
form, still containing about 30% moisture. 

When the nitroeotton is to “be “worked up," tlie contents 
of one box (in'the United States usually 20 lbs. nitroeotton and 
11 lbs. of water) are placed in a hydraulic press of type as illustrated 
in Fig. 2.51 comprizing a central cylinder to contain th« nitro- 
cotton, an upper hydraulic cylinder, and a ram by means of which 
the central cylinder may be .closed on top, and a lower hydraulic 
cylinder and ram by means of which the nitroeotton in the central 
cylinder may be compressed. 

Both the upper* and lower rams are actuated by low pressure 
water at 250-3(K) lbs. per square inch, as well as high pressure 
water at 3000-3500 lbs. per square inch, both being supplied from 
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a central hydraulic pump and accumulator system. The central 
cylinder is charged with a batch of guncotton as previously de¬ 
scribed, of moisture content of about 30%, and the top ram is 
then brought down by low pressure to close Jhe top of the cylinder, 
after which the lower ram is raised, and the nitrocotton'com- 
pressed by low pressure. This operation is merely to "block” 
the material into a compact but porous mass, but little water 
being extracted upon application of the low pressure. 

A prescribed quantity of 02% ethyl alcohol is then pumped 
through perforations and screens in the upper ram, ^he latter 



Fio. 238.— Runnino Pulped Nitrocellulose through the , 

“Wet Machine’’ 

C 

having been temporarily raised to give space foj the entering 
alcohol, the object being to displace the water, which escapes , 
through the bottom screens and perforations. In some factories, 
no pressure is at first ^plied after the introduction of the alcohol, 
the latter allowed to percolate through the nitrocotton "cheese” 
by its own gravity and at atmospheric pressure, it being held that 
by proceeding in this manner, there is a more nearly complete 
displacement of water by alcohol with a low^r miscibility, and 
hence a smaller amount of weak, alcohol to be subsequently 
rectified is formed. 

After waiting for a period of from five to eight minutes— 
depending upon the nature of the nitrocottjm—for the alqphol to 
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thoroughly permeate the cheese by gravity alone, high pressure 
is applitfd simultaneously to both the upper and lower rams, 
to press out the excess of alcohol through the screens or perfora- 
tionSjin the lower ram. Tlie factors of guncotton porosity and 
pressure are so adjusted—the latter as to quantity and time— 
that a known amount of alcohol is left in the block at the close 
of tne high pressure. If for smokeless powder manufacture, the 
amount of alcohol remaining is adjusted so as to be the proper 
proportion for colloiding. 

Aften the high pres.sure is shut off, the top ram is raised by 
means of the low pressure, and the dehydrated block (“cheese”) 
pressed out by raising the lower ram by the low pressure. Such 
a block, together with the press that formed it, is shown in Fig. 
230. 

The weak alcohol pressed out of the nitrocotton is delivered 
by pipes to the weak alcohol storage tanks at the alcohol rectify¬ 
ing plant, 'fhe dehydrated blocks or cheeses are very dense and 
hard after the high compression to which they ‘have been subjected, 
and it is necessary to reduce them to a fine powder before in¬ 
corporation, irrespective qf the purpose to which they are to be put, 
e. g., whether for pyroxylin solutions or smokeless powder. This is 
usually accomplished in a breaker which consists of an octagonal 
cage or sieve of coarse wire gauze (shown in Fig. 240) along the 
inside comers of which are rows of spikes. The cage revolves at 
about 30 r. p. m. The blocks are roughly broken by hand, 
either in a hopper leading through one end of the case in which the 
nitrocotton i3 further broken up ilhtil fine enough to t)ass through 
the meshes of* the gauze, or else the blocks are btuken up by 
< means of a wooden mallet, bone knives or copper or lead hammer. 
The finely disintegrated and fluffy material is shown in Fig. 241. 

In the method of dehydration by pressure as evofved by J. 
France,* and intended primarily for pyroxylin thermoplastics, 
the wet,mass of nitrocellulose is placed on cloth in several super¬ 
imposed layers, and the whole submitted to strong pressure. In 
order to further remove water which has not been eliminated by 
pressure, alcohol is now forced through, followed by air to remove 

1. U. S. P. 420445,420446,1890; abst. J. A. C. S. 1890, 12, 22. D. R. P. 
50921; abst. Chem. Tech. Rep. 1890.29, 1, 113; Ind. Bl. 1890, 294; Ber. 1890, 
23, 476; Chem. Centr. 1890,«, II, 31; Tech. Chem. Jahr. 1890, 13, 164; Wag. 
Jahs 1890,38,1178. < . , 
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the alcohol, for which purpose the press is espec^ly equipped. 
The pressing case is so^arranged that it can be dismantled, and is 
provided with a head piece, with ‘a strong sieve and a tail piece, 
and further with a receiver which has a fal^ bottom. Air and 
alcohof enter through the sieve at the head, and flow through the 
false bottom. 

It was in 1897 that F. du Pont obtained patent' protection 

for a method of "ridding” 
nitrocellulose of water by 
pressure and alcohol, and 
in this’patent he un¬ 
doubtedly laid the foun¬ 
dation for the modem art 
as we now know it. His 
apparatus, shown in Fig. 
242, is a pertinent ex¬ 
ample of progress in this 
direction, when com¬ 
pared with the ponder¬ 
ous presses shown in the 
preceding illustrations. 
Inasmuch as this process 
may be regarded as em¬ 
bodying the basic ideas 
of modem practice in 
this direction, the under- 
. . lying princiffles of his 

Fra. 240.-A Block or "Chebsb" or Nitro- jngthod will Jjemen- 
COTTON AS TAiiBN FROM THB Hydraulic ... l . . 

* Dbhvdration Press somewhat m 

detail. 

The object of the process of treating ^ncotton trlflch is 
described in this patent, is to free guncotton from water without 
the use of a drying process. The general plan adopted is to 
draw off {he water by suction, and to feed sufficient alcohol at 
the other end to complete the driving-off of. the water, the material 
then being in a condition ready (or the application of solvents, the 
general distribution of alcohol throughout the mass of guncotton 
materially assisting the flow of the solvent to all parts of the 

1. U, S. P. 616924, 1894. E. P. 16693, 1897; abst. Arms Expl. 1898, 

•, 121 .. * ' . ’ » 
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charge. This process of displacement and substitution has been 
known for a considerable time iniconnection .with the preparation 
of other materials than guncotton, the present object being to 
show how*it may be applied to gyncotton as a part of smokeless 
powder ftianufacture. If wet guncotton is compressed, the water 



or other non-solvent liquid with which it may be saturated may be 
carried away as rapidly as it exudes from the guncotton, and the 
gimcotton will be reduced to a state of equal porosity throughout 
its mass. The water or other non-solvent liquid can then be dis¬ 
placed by the ordinary process bf percolation, by a liquid, such as 
alcohol, which is not a solvent of guncotton. The displacement 
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will take plate irrespective of the miscibility of the liquub, and all 
of the water or other non-solventjiquid with which the guncotton* 
may at first b-; saturated will be removed therefrom without 
appreciable admixture with thj liquid which is displacing it. 
The admixture which does take place is confined entirely to the 
head of the piston-like column of displacing liquid, .so that it can 
be allowed for in advance, and dilution of the body oi displacing 
liquid following avoided. The exact degree of compression to 
which the guncotton is subjected in order that percolation may 
successfully take place may be varied within certain limits 
without affecting the .successful operation of the process, 
but care must be taken not to compress the ‘guncotton 
to too great an extent; for a point i# reached in the compression 
of guncotton where the process of displacement cannobhe success¬ 
fully carried on, by reason of the density of the material. Com¬ 
pression must, however, always be exerted in order to bring the 
material to a condition of equal porosity, and this mnpression 
will be in excess of that which can be effected by the weight of the 
atmosphere alone, when air is withdrawn from the chamber. 

The apparatus'which has been devized in order to carry out 
this process, in so far as it relates to the displacement of liquids 
in guncotton, is shown in the aecompaiiyiiig drawing (Fig. 242), 
which is an elevation, p&rtly in section, of the press. 

To produce the desired compre.ssion of the guncotton to be 
treated, a press constructed so as to permit air to be withdrawn 
from the compression chamber is used. The compression can 
thus be effected in two easy stages; first that due to the pressure 
of the atmosphere as the air is gradually withdrawn from the 
compression chamber; and second, that due to tne, additional 
pressure odtasioned by the manipulation of the press. The 
liquid which is forced from the guncotton during the compression* 
is collected in glass vessels, which are arranged beside the press, 
and which are finely* graduated, so as to enable the operation 
of the process to be followed with exactness. 

In the illustration a shows a table which forms a, base or 
support for the press b. The press b consists of a cylinder, c, 
which is provided with two head blocks or ends, d and, e, both of 
which are regulated in position by the action of the screws / 
and g, respectively. These screws work through bearing plates 
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h and i, which are supported and held in position by the 
brackets /. In the construction shown, tlje ‘brackets ; extend 
downward through the base-plate k, to which thi' cylinder c is 
directly bcflted, and through the table; and have attached thereto 
the lower bearing plate i, as well as the upper bearing plate k. 
The brackets / are shouldered at the point whare they pass through 
the base-plate k, and collars I are placed around the portions of 
the brackets between the lower plate i and the base-plate k. 
The chief feature, however, consists in the pressure blocks d 
and e, which fit air-tight within the cylinder of the press. The 
interior of these blocks is hollowed out to form chambers m and 
n, which art in connection with the outside of the press, through 
openings o and p formed on the outer face of the same, and are in 
connection with the interior of the press by a series of perfora¬ 
tions q and r formed on their inner faces. Over the inner face 
of the blocks a wire cloth of fine mesh s and t is stretched, the 
purpose of which will be explained below. It is intended that the 
pressure block d may be removed from the press, and, when 
removed, be entirely separate from the screw /, so that the only 
connection between the two is a recessed portion u in the outer 
face of the block within which the end of the screw / plays. The 
lower pressure c is, howev¥r,'’not to be removed from the press, 
and as it is to be moved in both directiotfs by the screw g, it is 
connected to it by the ring v. In order to insure the pressure 
block e resting tightly against the lower end of the cylinder when 
drawn down to its lowest limit, a strip of packing w is used, which 
is place,d upon the inner flange x, the latter serving to limit the 
downward movement of the pressure block e. 

The glass'measuring vessels Which arc used in'connection 
with the press for collecting the liquid which is expellcfi from the 
hiass of guncotton are shown at y and z. In the glass vessel i is 
contained the alcohol which is to displace the water in the gun¬ 
cotton, when the latter has been sufficiehtly compressed to 
enable the process of percolation to be successfully carried out. 
All of the.glass vessels are finely graduated, so that their contents 
can be determined with exactness at any time. The various 
stages of the process can thus be followed, and the extent to which 
they are carried noted by referehce to the volume of liquids in the 
various vessels. Each vessel is provided with an opening in its 
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top through which it may be filleS, and is closed by corks 2 , j and 

4 , respectively. The discharge openings are closed by cocks 

5 , 6 and 7 , respectively; and two openings in its upper end en¬ 
closed by cocks 8 and p, ro and it, iz ai^ ij, respectively. 

The connections between the glass vessels and the cjrlinder 
of the press are as follows; From the opening 0 in the upper 
pressure block d leads a tube, 14 , which extends to the glass con¬ 
nection IS- From the glass connection r j extends a tube, 16 , 
leading to the discharge outlet of the glass vessel i, and the short 
tube 77 , which leads to the cock 18 . From the othcr,cnd of the 
cock 18 extends a tube, 7 p, which leads to the glass connection 
20 , from which extends a tube, 21 , leading to the glas^connection 
22 , and the tube 23 leading to the opening p in the lower pressure 
block e. From the glass connection 22 extend two tubes, 24 and 
25 , respectively, which lead to the cocks 8 and p, respectively, 
of the measuring vessels y and z. From the cocks p and 70, 
respectively, of the measuring vessels y and z, extend tubes 26 
and 27 , which lead* to a common glass connection 28 . The gla,ss 
connection 28 is connected to an air pump, which is not shown 
in the drawing. 

If the connections be traced, it wfll be seen that by proper 
adjustment of the cocks, air can be withdrawn from one or both 
ends of the cylinder chamber, and the liquid expelled from the 
guncotton may be collected within either of the measuring vessels 
y and z. It will also be seen that the measuring ves^l 7 can be 
connected with the upper pressure block d at the same time that 
liquid is being withdrawn through the lower pressure block e. 

In woddng the apparatus the pressure block d is removed 
from the press, and the pressure block e lowered to its extreme* 
limit, so that the compression chamber is ready to receive the 
mixture of guncotton end water, which is then poured in. In the 
treatment of guncotton for the manufacture of smokeless powder, 
the amount of alcohol to be introduced into a given weight of 
guncotton is fixed and determined by the character of the ex¬ 
plosive which it is desired to produce. It is convenient, there¬ 
fore, to know the exact amount erf guncotton contained in the 
mixture placed within the cylinder of the press, so that the mixture 
is best drawn from a large vessel in which a known quantity of 
guncotton is held suspended in water by the^action of a mechanical 
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agitator, so that any specimen of liquid withdraw! will represent 
the entire mixture, and will coqtain a weight of guncotton de¬ 
termined by the amount of mixture withdrawn. The cocks 
i8, lOj II, 5, 6 and f are then closed, and the vacuum pump 
connected jvith the glass connection z 8 is put into operation. 
The water contained in the mixture of guncotton will be with¬ 
drawn by the suction resulting from the action of the vacuum 
pump, and will be collected within the measuring vessel y. When 
the withdrawal of liquid in this manner has been carried as far as 
is practicable, the pressure block d is lowered into the cylinder and 
the cock a openedf so that a vacuum will be apf)lied at both ends 
of the cylinder of the press. Should the measuring vessel y be¬ 
come filled with liquid the cocks 8 and p may be closed, and the 
cocks 10 and ii opened, so that the liquid discharged will be 
collected within the measuring vessel 2 . The mea.suring vessel y 
may then be emptied by withdrawing the cork 2 and opening the 
cock 5 , in readiness to have the flow of liquid diverted into it in a 
later stage of the process. When the compression produced by 
the vacuum has been carried as far as is practicable, the screw / 
may be lowered, and th^ pressure block d forced downwards, 
until the guncotton is compressed to a sufficient degree to permit 
the process of percolation to be satisfactorily carried out. 

The alcohol which is to displace the water in the guncotton 
is contained within the glass vessel i. Asa convenient means for 
enabling the operation of the process to be watched with greater 
certainty than would otherwise be the case, it is found convenient 
to color tliQ, alcohol, for which pflrpose the dye called “cudbear” 
is suitable. The air-pump still working the cock i8 is'closed, and 
•the cock 7 opened. The conditions are now such that the colored 
alcohol contained in the vessel i passes down the tube leading from 
the lower cock of i, and finds its way to the iliterior of tlie block d, 
and from thence by the perforations in the block and the wire 
gauze before mentioned, to the cake of guncotton contained in the 
cylinder. A very perfect displacement now occurs, the water 
being drawn off by the vacuum applied, and collecting in the vessel 
y, the cocks lo and ii being ctosed, and the cocks 8 and p opened 
for this purpose. The water flows uninterruptedly into the 
vessel y, until it has been entirely removed from the cake of gun¬ 
cotton, i/hen the colo# of the alcohol appears in the glass con- 
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nection 20 bejow the cock 18 . This alcohol will be in a diluted 
condition, both because of the water contained in the tube fj, 
and because, ia,the displacement of water in the mass of gun¬ 
cotton by alcohol, the line of demarcation lietween the alcohol 
and the water, as the former passes down tluough the cake, 
while sharp and well defined, is frequently not perfectly horizontal. 
This causes the alcohol to go out on one side of the bottom of the 
cake a little in advance of the other, thus causing greater ad¬ 
mixture than would otherwise occur. Wlien the color of the 
alcohol appears at the connection 20 of the tubes, the cocks are 
changed. 8 amf 6 are closed and 10 and ii opened, thus allow¬ 
ing for the collection of the weak alcohol in the vaesel 2 , which 
has previously been emptied of its contents. Wlien a small 
amount of the weak alcohol is collected in the vessel z, the color 
of the liquid in the glass connections will be found to have deep¬ 
ened, and the appearance will be that of the original colored 
alcohol contained in i. When matters have progressed thus far 
the cocks are again changed. 10 and ir are closed while 8 and 
p are opened—the vessel y having been emptied of its contents in 
preparation for this operation. The^upply of alcohol from the 
glass vessel 1 is now shut off by means of the cock 7 , the cock 
18 is opened, and pressure is applied by means of the upper screw 
/. The vacuum is now applied to the upper and lower blocks 
of the press simultaneously, and the alcohol that is squeezed 
out by the pressure is collected in the measuring vessel The 
compression upon the cake of guncotton in the press is now only 
limited by the amount of the alcohol which it is iie^red to leave 
in the cake. The alcohol which is expelled will be found to be 
of the same strength as the original alcohol contained in the 
vessel I, and, having not been injured in the process, may be used 
again for another prtssing. 

Solvent Hydraulic Dehydration, 'fhe question of relative 
efficiency of centrifugal dehydration as compared with hy^aulic de¬ 
hydration,both being with a nitrocellulose non-solvent, is dependent 
in a great measure upon whether fibrous or .pulped nitrocellulose 
is being operated upon. Hydraulic is undoubtedly preferable for 
pulped nitrocellulose. Certainly from the point of output in a 
given time, the centrifugal method is much the superior. The 
efficiency of ei^ier displacement method is in a large measure 
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also dependent upon whether thi water is to be displaced by a 
nitrocellulfjse non-solvent not miscible with water, such as fusel 
oil, or with one which like alcohol is freely miscible with water 
in any proportions. Th| author holds to the opinion that a nitro- 
cellulost non-solvent is preferable in that it apparently shoves 
the water out before it instead of mixing with it and therefore 
a smaller amount of dehydrating fluid is required to remove the 
moisture from the given weight of nitrated cellulose. When the 
two processes arc worked upon the same pulped nitrocellulose 
about three Jiours arc required for hydraulic dehydration and 45 
minutes for centrifugal dehydration; a 45 pound charge being 
oj)erated in the hydraulic press whereas 100 pounds of the finished 
product can be obtained from a centrifuge in the same length 
of time, both calculated on dry cellulose weight. 

Solvent Displacement without Pressure. P. Nathan and 
J. and W. Thomson''have disclosed a process for solvent dis¬ 
placement in nitrocotton which does not involve lateral (centrif¬ 
ugal) or downward (hydraulic) pressure. The? invention relates 
to the removal from nitrocellulose of the water left after wash¬ 
ing, by replacing the water by alcohol to.avoid the necessity of 
drying. The object of the invention is tha replacement of water 
by alcohol without the use of pressure, and in such a manner that 
a very small amount of dilution of alcohol with water takes place. 

The nitrocellulose in the condition in which it is left after 
purifying, is covered with water so that practically all air is 
excluded, after which alcohol is slowly and quietly run on to-the 
surface, so as to form a layer of alcohol and a sharp line of de¬ 
marcation between the latter and water. This is accBmplished 
by allowing the alcohol to flow gently down the sides of the ve.ssel. 
A cock or valve at the bottom of the vessel is then partialty 
opened, so that the water is allowed to flow away at the rate of 
one-half to one inch per hour. As the level of the water falls, 
the alcohol follows it and replaces it in the interstices of the nitro¬ 
cellulose, fresh alcohol being added at the top of the vessel as 
required. , 

This treatment is continuad until all the water has been 
displaced by alcohol, as shown by the sp. gr. of the eflBuent falling 

1. E. P. 7269, 1903; abst. J. S. C. I. 1904, 24, 385; Chem. Ztg. Rep. 
1904. 28, 732; Arms Expl. 1904, 12, 54. 
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until it Is the same as the alcohol. It is claimed that tlicre is very 
little admixture of the alcohol wj^h the water, so that a relatively 
small amount tof alcohol is required to be rectified. After the 
dehydration of the nitrocclhilpse has been complett41 in this 
manner, as much as pos.siblc of the alcohol is removed by drainiiiR, 
and then centrifugalized. As will l)e noted, the essratial feature 
of this process is the omission of all pressing, and,,in contrast 
to the operations previously described herein, involves the actual 
immersion of the material to be treated in water so as to obtain 
at the start a definite surface of separation between the alcohol 
and water. The vessel used, if cylindrical, should be of diameter 
equal to or greater than its depth. • 

InthemethoSof Blair, Camplx'llaiid Mcl,»an, shown in Figs. 
243 and 244, the plant consists essentially of large sUel cylinders 
into which the disintegrated wet nitrocotton is packed. Kach 
cylinder holds the equivalent of about 300 lbs. of dry nitrocotton. 
Alcohol of 02% is passed through the material by means of com¬ 
pressed air until the sp. gr. of the alcohol issuing from the bottom 
of the cylinder is substantially the same as that at the top. No 
liquid issues from the bottom of the cylinder for the first S minutes 
of the dehydration process, after which water only issues until 
about If) minutes have elapsed, when tlj,e gravity begins to drop to 
O.OOS. From this poiitt the liquor following is treated as weak 
alcohol, and is diverted to the storage tank. 

It requires aliout 25 minutes to thus dehydrate the nitro¬ 
cotton, the total amount of alcohol added being 100 gallons. 
About half of this quantity is obtained from the space above the 
nitrocotton, and being still strong alcohol, is run off to a storage 
tank for re-use. For each 1(K) lbs. of dry nitrocdttpn thus de¬ 
hydrated, 30 lbs. of 75% alcohol by weight are obtained. 

The dehydrated nitrocotton is removed from the cylinder* 
by means of compressed air, and after being broken up is trans¬ 
ferred to large centrifugals in which it is ■wrung until the alcohol 
content is reduced to about 30%. 

In a recent process of R. MOller a rotary suction nychine is 
combined with a device for the counter-current washing of the 
material with alcohol of progressively increasing strengths. A 
pulp containing not over 10% of* nitrocellulose, can be treated 
in this manner, according to the assertion of the patentee. 
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The process as patented by G. Gentieu,' Fig. 245, claims 
to provide a rapid and inexpensive process for dehydrating which 
docs nqt cake the material treated or injure the cellular structure 
of the same. The cellulose is‘first introduced into a high speed 
centrifugal wringer Jo remove the major, portion of the water 
and*to matt.the nitrocellulose against the perforated wall of the 
wringer, ‘after which alcohol or other suitable liquid is sprayed 
against the inner surface of the mass of nitrocellulose while the 
wringer continues to revolve; the solvent therefore forces its 
way through the pulped material, thereby displacing the 
water and leaving in the finished product the required amount 
of alcohol. The patentee in this manner endeavors to eliminate 
the cxpeijsive hydraulic press and accessory parts and to obtain 
mhterial which is not compressed into a hard, compact mass, 
but retains practically its original light and porous condition 
throughout the process. 

The pyroxylin plastic manufacturers dehydrate nitrocellulo.se 
by first wringing in a centrifugal, then placing in an air-tight iron 
can about 28" X 86" which holds from 80 to 3.5 pounds of 
pyroxylin. Thirty gallons of alcohol are placed in this can and 
the pyroxylin allowed to cool at ordinary temperatures for about 
four hours, after which* the contents <jf the can are placed in a 
centrifugal. In this manner the moisture is reduced to less than 

3%. 

It. Bed and M. Delpy® have conducted an investigation 
of the material extracted from cellulose nitrates in the course of 
mantifacturc by the alcohol used in removing the water, from the 
pulped mat«rial. The alcohol is rectified and used ■ repeatedly, 
the dissofvet^ material accumulating in the still. .This residue 
„ when dried, has been found to be a brown powder contaminated 
with oxide of iron and salts of calcium and sodium from the wash 
waters. When purified by dissolving in »thyl alcohol and preci¬ 
pitating in water, it is a brown powder with an ignition tera- 

1. U. S. 1>. 931749,1909; abst. C. A. 1909, J, 2753; J. S. C. 1.1909, 2S, 
1066; Chem. Ztg. Rep. 1909, J3, 597. 

2. Z. Schics.>!. .Spreng. 1913,1,129; abst. J. S. C. I. 1913, SI 452; C. A. 
1913, 7, 2307; J. C. S. 1913, 104, i, 1305; Chem. Zentr. 1913, 84, II, 493; 
Meyer jahr. Chem, 1913,23,363; Wag. Jahr. 1913,59,1,457; Zts. ang. Chem. 
1913, 26, II, 4-17. For the physics of the application of centrifugal force to 
suspensions and emulsions, see E. Ayers, Met. Chem. Eng. 1916, 14, 500; 
abst. C. A. 1916, 10, 1915; J. S. C. 1.1916,35,676; Ann. Rep. Soc. Chem. Ind. 
1916,1,188; Chem. Zentr. 1916, 87, II, 866. 
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perature of 102°. About of^this material will dissolve in • 
ethyl alcohol or .ethyl ether, evaporation of the latter leaving a 
yellowish powder. Anhydrous ether, however, fails to dissolve 
it. The molecular weight has been detennincd as 1188, ignition 
temperature 174° and nitrogen from to lO.OO'/r. The 

portion insoluble in ethyl alcohol is a violet colorgfi powder 
containing 7.45% N and detonating at 157°. Stabilized nitro¬ 
cellulose from the same factory had an ignition temperature of 
181.5°. These authors point out the fact that the real stability of 



nitrocellulosea:annot be accurately judged by means »f the ignition 
temperature and this was shown by tests on mixtures of purified 
nitrocellulose with 10% to 20% of these unstable products. 
The ignition temperature of the mixtures was about 180°. The 
alcohol-soluble products are considered as part of those nitric 
esters of disintegrated cellulose material the removal of which 
constitutes an additional purification of the nitrocellulose. The 
viscosity of the unstable material in 2% acetone solution was but 
little greater than that of the pure aaetone. 

Drying Nitrocellulose. The nitrated cellulose as* it comes 
from the centrifugals carries from 25%-35% of moisture, de- 
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•pending upon the speed of thy wringer and tie time in which 
the nitrocellulose is subjected to centrifugal action. The 
physical •• condition of the nitrpcotton has also an important 
Ijearing upon the speed of removal of moisture, jvhile the number 
and diameter of the rperforations in the wringer basket also 
materially effect the speed of dehydration. 

Either the nitrocotton in this condition is placed in tin or 
zinc lined boxes and stored until it is to be used—the moisture 
content meanwhile being periodically determined—or else the 
solvent is removed either by displacement hydraulically with a 
fluid miscible with water, but substantially a non-solvent of the 
nitrocellulose, in .which case the nitrocotton iS intended for im¬ 
mediate us?, or else the remainder of the moisture is removed by 
exposure to the atmosphere, either at normal or reduced pressure. 
Various modifications of the two above mentioned fundamental 
methods have been proposed, the more meritorious of which are 
detailed below. " 

1. Removal of Moisture from Nitrocellulose at Normal Pres¬ 
sure. A nitrocellulose dry plant of this "description usually 
comprizes a frame or corrugated iron building, the roof of which 
is so connected to the sjdes of the building that it is easily re¬ 
movable, as by the force of an explosion, and with an efficient 
system of ventilation. The floor should preferably be of poured 
concrete to avoid cracks or holes into which guncotton dust may 
accumulate, this floor being covered with either a lead flooring 
or a second floor composed of rubber. Lead floors have given 
excellent satisfaction, the seams being burned, and the lead being 
carried up.atf'least a foot around the sides, forming a baseboard. 
The sides of the building are preferably plastered, the racks upon 
‘ which the frames containing nitrocellulose are spread, being 
efficiently grounded to minimize the danger of sparking. " 

The frames are of wood, covered with" cheesecloth tacked to 
the frame by copper nails, each frame holding from 5 to 10 lbs. 
dry nitr^pcellulose, the latter being spread by hand on the frame 
to a depth of two to three inches. Warm air at a temperature not 
exceeding 40° is circulated through the drying chamber, the air 
having been previously driedr and heated by passing over steam 
coils. The uniformity of the heat in the dry house has much to 
do with the stability, which decreases with increase of temperature 
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and of moisture, although t^e atmosphere has an effects 

The Socidtf anon, de Droogenbosch' seek to overcome some 
of the difficulties of drying nitrocellulose in this manner»by intro¬ 
ducing ammonia vapor with the warm air, whereby the excess of 
moisture is removed^ the nitrocotton at the same time acejuiring 
a slightly alkaline reaction, considered by the pateptees to be 
distinctly beneficial. 

The question of dust—finely divided particles of nitrocellulose 
—is of great moment in the drying of guncotton, the fibrous 
nitrocotton being more readily deprived of moisture than when 
in the pulped condition, unless especial care is takw with the 
latter to ensure ttiat it is uniformly spread on. the trays in thin 
layers. Where the material has previously been moulded into 
blocks (see p. 2100) by hydraulic pressure, the minimum of dust 
is liberated. 

There appears to be a wide variation in opinion as to the 
maximum temperature at which it is discreet to maintain the 
drying chambers (stoves) some writers contending that tem¬ 
peratures as high as 65° may be maintained indefinitely with 
impunity, but the consensus of conservative opinion would 
indicate that prudence forbids temperatures much above 40° 
inside the drying chamber being kept for any considerable length 
of time, and that it is preferable practice to dry for a longer period 
at a less elevated, but uniform temperature. 

The warm air should preferably enter the dry house at or 
near the ceiling, and be withdrawn from near the floor, the outlet 
having at least an area 25% greater than the inlet. Wliile the 
entering air may be from a single point, the outlet should be 
several in ilumber and distributed throughout the chamber. 

The reason for blowing the warm air in at the top of the drying 
chamber and withdrawing from near the floor, is that as the air 

1. E. P. 5078, 1901* abst. Mon. Sci. 1905. «, 322; J. S. C. I. 1902, 21, 
546. According to Guttmann, this process is objectionable because the nitro- 
cotton is thereby completely insulated, and there is danger of an electric 
charge, especially with elevated temperatures. To obviate this apparent 
danger be suggests that copper plates be provided for drying, having conical 
apertures ol ■/« mm. diameter on top and 1 mm. on the bottom, thus rendering 
it impossible for them to be clogged by the nitrocotton. To prevent friction 
the plates may be covered with leather oh the edges, and are connected with 
each other by metallic strips which are carried into the pound. ^This arrange¬ 
ment renders an accumulation of electricity in the nitrocotton improbable, 
any electricity developed being carried into the ground. 
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becomes heavier from absorption water vapor there is a tendency 
to sink, although the water vapor itself is lighten than the air. 
The explanatfon of thie apparent, inconsistency is that the cool¬ 
ing produced by the conversion of water into vjpor is so great 
that the air after absorption of moisture isi* materially denser. 
It follows, tlierrfore, that if the dry air is admitted at or near the 
bottom, the fresh and dry air tends to at once rise to the top and 
escape from the outlets before it has fulfilled its function of 
absorption with maximum efficiency. 

Great care should be exercised not to subject the nitro¬ 
cellulose whan dry and warm to friction or blows, for in this condi¬ 
tion it is especially .susceptible to sparking from Static electricity. 
The nitrocotton should be allowed to become thoroughly cooled 
before removal from the drying chamber. The temperature of 
the dry house should be automatically controlled with tem¬ 
perature registration, and so arranged that a bell is caused to 
ring when the temperature exceeds the maximum desired. The 
drying process of the I'abrique de soie artificielle d’Obourg‘ 
specifies 45° as the maximum. 

In the drying apparatus as de*ribed by F. Caskey,’^ a vertical 
cylindrical drying chamber js provided with axial supply and dis¬ 
charge pipes at the top and bottom respectively, and is surrounded 
by a heating coil, the whole being enclo.sed in a casing. The 
pipes at their free ends carry discs, provided with annular channels 
on their outer faces which engage with corresponding ribs on 
other discs so as to close the pipes. The lower closure discs 
carry short tubes sliding within the discharge pipes, and having 
side openings^fAr discharge, and these discs may be moved axially 
by a hand-operated screwed rod so as to vary or close the dis¬ 
charge opening. The process of L. Gathmann’ has more reference 
to the drying of smokeless powder, although applicable to fun- 
cotton and other explosive bodies where thdre is no solvent re¬ 
covery required. 

In the pyroxylin drying apparatus as perfected by J. Edson,‘ 

1. Bcig. P. 188238, 1905. 

2. U. S. P. 1262448, 1918; abst. J. S. C. I. 1918, 37, 327-A. For dry¬ 

ing by electro-osmosis, ste Elektro-Osmose A. G., D. R. P. 310681, 1917: 
abst. J. S. C. I. 1920, 39, 393-A. . 

3. U. S. P. 1289150, 1918; abst. C. A. 1919, 13, 793; J. S. C. I. 1919, 
38, 200-A. 

4. U. S. P. 249600, 1881. The method of G. Mowbray, U. S. P. 
349659, 18^; abst. J. A. C. S. 1886, 8 , 238 in similar 
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the cold and dry air. The apparatus also, as \wll be observed 
from the drawing, comprizes a Receiver for holding the material 
with an agitating apparatus, and air distributing and discharging 
devices. The pyroxylin is placed in the receiver A which is 
rotatable, provided wit]|i openings and A\i(yr the introduction 
and dl,scharge -of the material, the dried air being continually 
introduced while the nitrocotton is being agitated, thus depriving 
it of moisture in a minimum of time, and at comparatively low 
temperatures. It must continually be borne in mind, that dry 
guncotton being a body which becomes highly electric by slight 
friction, a strong current of air passing over it might generate 
sufficient electricity for a spark to leap over ani ignite the entire 
mass. ^ 

'In those instances where accidents have occurred in guncotton 
dry houses, and those present have remained alive to tell the tale, 
the material has often merely burned fiercely without explosive 
force, i. e., there was rapid combustion, but no explosion. The 
usual presumption is that the nitrated cellulose has either been 
subjected to a blow or friction by the workmen, as by upsetting 
one of the trucks, dropping a frame, or by the friction of sliding 
a frame in or out of the rack. The workmen, of course, always 
use nibbers, and the tnick' wheels are rubber covered. 

The danger of drying guncotton may be partially obviated 
by treating the latter with a small amount of alcoholic or aqueous 
calcium chloride solution, corresponding to l%-2% CaClj based 
on the weight of the nitrocotton. The disadvantage of this 
procedure is the extreme deliquescence of the calcium chloride. 
In artificial leather manufacture and the production of colored 
celluloid goods,, this amount of calcium chloride wojjld seldom 
interfere with the value or appearance of the finished product. 

In the C. Volney method of drying pyroxylin,' the material 
is placed in a closed vessel, and dry inert gas, or warm air intro¬ 
duced. A certain proportion of the air is then removed from the 
vessel in order to reduce the pressure, the temperature meanwhile 
being ke^t constant between 35'’-40°. These processes are 
alternately repeated^ the pressure in the drying vessel fluctuating 
about 10%. R. Oxland* claims that ignition is easier when all 
I. U. SJ P. 874265, 1907; abst. C. A. 1907,1,1201; J. S. C. I. 1908, 27 , 

Chem. Gaz. 1817, .140; abst. Jahr. Chem. 1847-8,1, 1143. 
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moisture is driven off, and that guncotton will more readily in¬ 
flame when the moisture content has been reduced under 1%, 
than when it is l%-2%. , 

At the Royal Naval Cordite Factory, Holton Heath, Eng¬ 
land, after the nitrocellulose has been pu\ped in the usual manner 
and run through the centrifugal, it still contains 35%-40% of 
moisture. It is run directly from the dehydrating centrifugal 
into a press, where it is formed into a solid cylinder of 14 oz. 
weight, equivalent to about 9 oz. dry weight. These are placed 
on copper racks—4500 lbs. per stove (drying building). Air is 
passed over the cakes at a maximum temperature of,43°, a total 
drying period of u little over 30 hours being required to bring the 
moisture content to under 1%. „ 

In the J. Hyatt process* for the desiccation of pyroxylin 
pulp, the material is agitated in contact with bags of porous 
absorbent material in a closed revolving vessel. The process was 
designed for the drying of pyroxylin for transformation into 
celluloid, and is not used at the present time. 

The Nobel’s Explosives Co. have communicated some data 
on the subject of drying nitrocellulose in Great Britain with 
especial reference to their own methods, in which it appears that 
the nitrocotton is dried by means of l*ot air which is blown over 
the material, the latter being either in a loose powdery form as 
shown in Fig. 247, or when in blocks as illustrated in the photo¬ 
graph shown on p. 2177. 

The drying stool consists of a lightly built wooden house 
surrounded by protecting banks or traverses, and supplied with a 
current of hot air from a power driven fan situated outside the 
traverse. JThe temperature of the hot air is not allowed to exceed 
70°. The house is lined with painted canvas, has a lead eg: 
linoleum floor, and tliere must be no exposed iron or other ma¬ 
terial likely to causedriction. 

In the case of loose nitrocellulose shown as illustrated in the 
photograph, the material is spread on brass gauze trays with 
wooden rims, and the trays are then placed on wooden*frames or 
shelves. When the nitrocotton is dry, the trays are removed and 
their contents emptied into caiwas bags. The worker when 
discharging the tray, taps it lightly with his hand toVemove any 
1. U. S. P. 297935, 1884 ; abst. J, A. C. S, 1884, 6 , 207. 
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Fic. 247 .—Stove for Drying Nitrocotton in Loose Form 
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nitrocotton still adhering, and a^ nitrotxtUon is easily elcetrifiedr 
this has occasionally been noticed to cause sparking. Never¬ 
theless, this method of drying has been used by NcJjel’s Ex¬ 
plosives Co. for many years without accident. 

Captain Thomson, Chief Inspector .of Explosives, in the 
course of some experiments found that sparks from an induction 
coil or Ivcyden jar would not explode dry nitriK'otton blown from 
a bellows. Great care is exercised to rigidly exclude dirt, grit or 
other objectionable matter from these houses. The workers wear 
special pocketless clothing, and remove their boots before enter¬ 
ing. A barrier at the door efficiently segregates tjie interior 
of the dry house sfe a “clean area." 

In plug or primer drying (see p. 2177) the primer* are placed 
on fixed brass gauze shelves, thus eliminating all movables. 
In this method there is considerable economy of space and the 
accumulation of loose dry dust is avoided. In both cases some 
parts of the stove dry more quickly than others, and a uniform 
rate of drying is maintained by suitably varying the load. 

In Marlow’s “Normair” system of drying, whieli has been 
proposed, a patent alternator causes the air in the stove to be 
automatically and intermittently in a state of plenum or pressure 
and exhaust or rarefaction, thus maintaining in the dry house 
the air continually alive, and preventing any stagnation or dead 
centers where there is no movement of air. Hot moist air is 
also used to utilize the latent heat carrying capacity. 

2. Drying Nitrocellulose under Reduced Pressure. Ihe ad¬ 
vantages to be gained from vacuum drying as compared with 
drying in a current of air in the usual methods aie: (a) greater 
rapidity of drying; (b) economy of heat; and (c) increased safety. 
In drying such explosives as nitrocellulose, smokeless jwwder^ 
mercury fulminate and detonating compositions, vacuum d^ing 
insures greater safety* because the boiling point of the liquid to 
be removed is lower at the reduced pressure, and because the 
effect of the vacuum is to diminish the readiness with which 
explosions may be initiated and propagated. 

It has long been known, for instance, that ordinary gun¬ 
powder is ignited imperfectly, if at aH, by means of an incandescent 

1. E. Schweizer, Zts. Schicss. Spreng. 1916. 10 , -38, 63; abst. C. A. 
1915.0,1844; Wag. Jahr. 1915,61,1, 278. 
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wire in highly rarefied air, and under the same conditions guncotton 
bums very slowly, while even mercury fulminrte propagates 
explosion‘tdrdily. Official tests, made in the Royal Pmssian 
works at Spandau have demonstrated that lajge quantities of 
fulminate could be exploded in a properly tonstmcted vacuum 
drier, withovt'material damage to the apparatus. 



Fio. 248.—E^dl, Passburg Patbnt Drying Chambbr {J. P. Dbvinb Co., 
* Buffalo, N. Y.) * 


Of the several types of vacuum driers which have” been 
designed for the drying of such explosives as nitrocellulose, the 
E. Passburg system of drying chambers as built by the J. P. 
Devine Co., Buffalo, N. Y. has proven satisfactory.* The ap¬ 
paratus, as shown in Figs. 248 and 249, consists of a cast-iron 


1. D. R. P. 28971, 1884; 32252, 1885; 40844, 1887; 56330; abst. Dintl. 
Poly. 1886, 2S9, 86; 1887, 26C, 519, 1888, 2S9, 223; 1892, 2Si, 102; Jalir. 
Chem. 1888, 4i, 2614; Eng. 1891, 72, 447; Sd. Amer. Suppl. 1892, IS, 13338; 
y?*' P- >25078, 126829, 204381; abst. Wag. 

Jahr. 1903, 48, I, 525; 1908, S4, I, 438. 
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or wrought-iron chamber or cylinder, hermetically closed at one 
or both ends by large doors. It contains a number of steam- and 
water-tight heating shelves or pipes, placed one above, the other, 
through which steam or hot water is circulated in order to produce 
the desired degree»of heat, which may J)e as low as 17°. The 
material to be desiccated is placed on these shelves in ft-ays of 
suitable size and shape. 



Fio. 249.—Passburc. Saretv Vacuum Dryino /ft-p^ARATUS 
• poR Fulminates and Nitrocellulosb 


The apparatus shown in Fig. 24!) is provided with an expansion 
chamber and other safety devices to receive, in ca.se of explosion, 
the expanding gases, and thereby deciease their destructiveness. 
These gases have first to destroy the vacuum in the expansion 
chamber before they can exercise any pressure on the Sdes of the 
apparatus. Any excess pressure then opens the safety valves 
and apertures to permit the free escape of the gases. In case of 
extraordinary pressure the whole, back of the chatriber, which is 
held in position by springs only, will be forced open, thus affording 
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itnmediate relief. The chamber is maintained with a vacuum 
of at least 700 mm. 

In drying* smokeless powder or other materials where it is 
desired to regain the solvents contained therein, ^ large surface 
condenser is necessary. , In drying guncotton which contains 
water only, a simple injector condenser is used, arranged in such a 
manner that the vacuum which assists the drying of the material, 
is created by it. 

,S. Drying Nilrocellulosc by Miscible Non-solvents. Of the 
non-solvents employed in this connection, ethyl alcohol is the most 
widely used, <t}though the classification of alcohol in this particular 
as a non-solvent, is, gtrictly speaking a misnomer,* for the alcohol 
extracts lower»nitrated bodies, and in doing so, tends to raise the 
stability of the nitrocellulose. However, the amount of nitrated 
cellulose dissolved by alcohol is usually very small, and decreases 
with increase of nitrogen content in the cellulose nitrated. Alco¬ 
hol dehydration may be carried out centrifugally or by hydraulic 
means, as has previously been described. 

4. Drying Nitrocellulose by Immiscible Non^olvenls. In the 
R. Besemfeldcr process,' the material to be dried is simultaneously 
or consecutively subjected to the vaporji of two or more liquids 
not miscible with water. A. Cocking and Kynoch, Ltd.,- in 
endeavoring to largely if not entirely overcome the disadvantages 
and dangers incident to air drying, have described a method of 
bringing the wet nitrocotton into contact with a suitable liquid 
or liquefied organic nitrate. Especially suitable in this con¬ 
nection, according to the patentees. Is an aqueous eimilsion 
of liquefied tripitrotolucne. The moisture is then removed from 
the combination by pressure, and the gelatinized nitrecellulose 
coKipound used in this condition as an explosive. 

In the original process of drying nitrocellulose as evolved by 
F. du Pont,’ the wet cellulose ester is placed in a hydrocarbon 
oil as kerosene, and the oil vaporized, thereby removing the 
moisture from the fiber. The apparatus which is shown in Fig. 
250 consists, of a still especially designed as shown, permitting an 
automatic return to thf still of the oil driven off, while at the same 

1. E. P. 7976, 1912; abst. J. S. C. I. 1913, 32, 742; C. A. 1913, 7, 3203. 

2. E. P. 22311, 1911; abst. J. S. C. I. 1912, 31, 1095; C. A. 191.3, 7, 

1101 . 

3. U. S. P. 616924, 1894. 
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time enabling an accurate determination to be made of the wa^cr 
driven off, on account of its’immiscibility wth the petroleum 
hydrocarbon. About 200 gal. of kerosepc or IxMizing Iwiling at 



Fit! 2.’)0.—F. DuPont Method eok Drying Nitroceu,ui,ose 

about 100° is placed in the stHl, together with about 200 lbs. 
pulped nitrocellulose of not to exceed 50% moisture. A vacuum 
is then placed on the still, steam slowly circulated, and the vapors 
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of oil and water led into a condenser. The boilfiig point of the oil 
and the vacuum of the still may'be regulated so as to cause the 
removal oithe moisture at a wide range of temperatures. 

In a more recent process,* a cylinder is arranged within a 
heating chamber, the upjper part of the cylinder being formed of 
relatively light material so that it will readily rupture in the 
event of an explosion, a relatively heavy support extending over 
the cylinder. 

An improvement on the foregoing consists* in passing the 
nitrocellulose through a body of heated neutral oil of high flash 
pmint, beinp^ freed from adhering oil by washing with gasoline. 
While this latter method was primarily designed for the removal 
of solvent a^,acetone from smokeless p)owder, it is applicable with 
modification, for the desiccation of pjToxylin. 

Quite recently A. Jup)eau has contributed to the study of 
the drying and pulping of nitrocellulose.* Drained pulped gun¬ 
cotton contains about 80% of water, which exists as (1) water 
absorbed in the fiber, (2) adsorbed as a .sheath on the fiber, (.3) 
in the interstices of the pulp. This distribution varies with a 
large number of factors, the principal being the physical and 
chemical state of the fiber as determined by the origin of the 
cotton and its previous treatment; the ex;tent of its adsorptive 
surface which depends on the fineness to which it is pulp>ed; the 
composition of the liquid; the temperature and the pressure. 
In an investigation of the effort to be applied in extracting this 
water it was concluded that (1) for a pulp of given humidity 
there is a minimum effort to be applied, (2) when the .humidity 
is to be decreased from 75% to 2.5% this minimum corresponds 
to a velocity for the centrifuge increasing from 170 to 1000 rotations 
a,rminute, (3) a part of a 90% humidity can be removed by simple 
gravitation, (4) a definite velocity corresponds to a humidity 
limit. For a velocity of 1000 rotations per minute the humidity 
limit is 25%. Data and graphs for many observations are given 
and it is shown that in past practice the work has been delayed 
because the wringers were overloaded. Thus with a given 

1. U. S. P. 1301409, 1919; abst. C. A. 1919, U, 1931; J. S. C. I. 1919, 
M, 480-A. 

2. U. S. P. 1232839. 1237551,' 1917; F. P. 477343, 1915; abst. C. A. 
1917,11,2408,''3438; J. S. C. I, 1916,3$, 618. 

3. Bull. Soc. Encour. Ind. Nat. 1919, lU, 237; abst. C. A. 1919, 13, 
8127. .See also Phot. Jahr. 14, 97. Neue Erfind. Erfahr. 1893, 20, 466. 
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wringer the <^tput was 1920 kg. per 24 hrs., but^by reducing 
the charges in conformity with his turves the output increa,sed to 
2;j00-2o00 kg., While the saving in motive force and increase in 
speed of production was about 25% each. Tlie pulping operation 
has consumed nearly 1{P% of the energy used in the manufacture 
of guncotton. A factory producing 50 tons of guncotton* ex¬ 
pended more than 25,000 kw.-hr. for pulping alone, corresponding 
to a daily consumption of 27-28 tons of coal. The fineness to 
which the guncotton must be pulped is determined by the use 
to which it is to be put. The accepted method of determining 
fineness is to place 10 gm. of the pulped guncotton in 2.50 cc. 
distilled water in ^ graduated cylinder, agitate it coftipletely, 
and allow to settle during a fixed number of hour?, when the finer 
the guncotton the less its volume. By the use of Wk* finomettr 
the degree of fineness may be promptly observed as the pulping 
proceeds in the Home pulper. The finometer follows the principle 
enunciated by Stokes. It consists of a ."l.jO-gm. sphere of lead 
suspended by 17 cm. of fine steel wire to which is attached at a 
distance of :{() cm. fjom the point of suspension, a horizontal 
bar graduated in cm. A plumb line hangs alongside this apparatus. 
The relation between the viscosity of the pulp and the actual 
fineness of the guncotton is calculated ^nd the corresponding 
figures on the scale are assigned arbitrary values. The instru¬ 
ment is based on the fact that a sphere immersed in a liquid in 
motion is acted on according to the degree of viscosity of the 
liquid. The results from actual practice are remarkable for their 
uniformity. This investigation demonstrates that the yields de¬ 
pend not only on the charges put in the pulper and Jihe fineness 
demanded, but also on the proportions of water to guncotton 
and the contours of the working parts of the machine. ITie dis¬ 
covery of the relations existing between the 3 factors, charge, 
water and power, and t^e yield of pulped material should lead to 
a considerable improvement in manufacture. 

Determining the Yield. In the process of nitration by means 
of a centrifuge or by displacement, after "drowning” or immersion 
of the cotton in water from the nitrating bath, the yield may 
readily be obtained in the following manner.. The contents of a 
certain number of wringers or nitratmg units ("dips") is placed 
in a wooden cart with false bottom, the water allowed to run off 
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and the contents of the cart placed in a laundry centrifugal with 
60 to 72 inch basket, where iL is rotated while a stream of water 
is plajred upon it from the center for a period oi 15 to 45 minutes 
which washes out considerable of the remaining acid. Wringing 
is continued until no more water is extra(;Jed, when the contents 
of the centrifugal arc weighed, a representative sample taken 
therefrofn and the moisture determined. 

From this moisture determination and knowing the weight 
of cotton originally nitrated, the increase in weight or yield is 
computed. By means of this method it is possible with very 
little labor, and no loss of time, to determine with accuracy the 
yield of hitrocotton from one or more units or from the days run. 
In commercial cotton nitration, this expedient introduced in the 
process between nitration and preliminary boiling, has been found 
a valuable check on the efficiency of the nitration processes. 

As an example, assuming the contents of five nitrating units 
of thirty pounds each dry cotton have a gross weight after wring¬ 
ing of 269 pounds and the moisture content is found to be 30%, 
the increase in yield should, therefore, bp 38% on the weight 
of the dry cotton. 

A practical examiiiatidh of the losses and yield in the practical 
manufacture of pyrocollodion nitrocellulose is shown in the fol¬ 
lowing figxues, taken from an actual and representative run. 
The gross cotton as received was 50873 lbs., tare allowed 873 
lbs., net paid for 50000 lbs. 

Losses in wire baling, 256 lbs.; burlap and paper, 910 lbs.; 
moisture, 2937 lbs.; giving net dry cotton of 46791 lbs. The 
waste of this cotton was as follows; at the dry house, 37 lbs. 
(0.074%,'}; at picking house, 56 lbs. (0.112%); in weighing room, 
13 lbs. (0.020%); total 106 lbs. (0.212%). In nitration two 
wringers “fired,” and there were 82 lbs. of “scrap." 1580 wringers 
were dipped, using 230150 lbs. fortifying acid, equivalent to 
112359 lbs. HNOs, 100%. The yield of pyrocollodion per lb. 
of cotton, 1.45. Yield of finished nitrocellulose powder per 
pound of cotton, 1.56. Hence 1 lb. finished powder required, 
0.64 lb. dry cotton (0.686 lb. cotton as received); 1.54 lb. 100% 
HNOj; 3.15 lb. fortifying acid. 

Compressed Guncotton. This topic might with propriety, 
perhaps, have been divided into “Highly Compressed Guncotton 
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Fig. 251.— HtDRAOUC PRBSS for AuCOHOI, JOgHVORATION OF Nitrocotto 
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for Torpedoes and Mines," fo distinguish it from a separate but 
analogous topic on the lower compression 0 / nitrocellulose for 
other uses, but as often the line of demarcation between the two 
subdivisions is not sharply defined, the g^heral subject of guncot- 
tofi compression is dealt with under the above heading. 

In the earlier days of guncotton development when efforts 
to use it as a propulsive explosive in firearms gave results the 
opposite of satisfactory, attention was turned towards the em¬ 
ployment in solid form for blasting, where the erratic brisance 
often shown was of lesser moment. As far back as 1866' F. 
Abel patented a process for the solidification, graining and pres¬ 
sing of guncotton into discs, cylinders and sheets, in which solvents 
were used to combine soluble and insoluble nitrocellulose into a 
homogeneous and non-friable mass. E. Brown* demonstrated 
that compressed guncotton containing 15%-20% of water re¬ 
tains its explosive properties nearly the same as if dry. 

5. Mackie and C. Faure* disclosed a method, whereby gun¬ 
cotton in a fibrous state, without being reduced to a powder or 
pulp, is compressed into cakes or scales by passing it between 
rollers, or placing it between indented plates and subjecting to 
hydraulic or other pr&sure, thfe sheets so obtained being easily 
divided along the indentations. 

In 1881, J. Anders* patented his gelatinous blasting com¬ 
position, to be moulded into cartridges, in which guncotton is 
placed in a cylinder contracted towards its lower end, and termina¬ 
ting in a tube of the desired caliber. The explosive is pressed 
out through the tube by means of a leather covered piston actu¬ 
ated by a [icrew. The next year disclosed the details of com¬ 
pressed guncotton manufacture as carried out at the factory of 
Petry & Falkenstein at Dilren,* the product being i'vfery stable 

1. U. S. P. 59888, 1866. Her. 1871, 883; abst. Dent Ind. Ztg. 

1871, 496; Chem. Tech. Rep. 1871, U, II, 219. 

2. Meehan. Mag, 1872, 478; Dingl- Poly. 1872, 20$, 600; 1873, 210, 
393; Poly. Centr. 1873, SO, 268; Dent. Ind. Ztg. 1873,38; Wag. Jahr. 1873,18, 
356; h C. S. 1873, 28, 668 ; Berggeist, Beilage, 1873, No, 96; Pdy. Notizbl. 
1874, 29, 63; Chem. Tech. Mitth. 1873-4, 23, 69. 

3. E. P. 1830, 1873; abst. Chem. News, 1874, 29, 166; Dingl. Poly. 
1874, 213, 174; Bet. 1874, 7, 741; Jahr. Chem. 1874, 27, 1123. 

4. E. P. 800, 801, 1881; hbst. J. A. C. S. 1882, 4,48; Wag. Jahr. 1881, 
27, 331; them. Ind. 1881, 4, 140, 384; Ber. 1881, 24, 2318; Jahr. rein Chem. 
1881, 9, 136; Chem. Tech. Rep. 1881, 20, II, 136. 

6. Wag. Jahr. 1882, 29, 420. In mis connection see Zts. Berg. Hfltten 
u Sa\inenwesen, 1880,, 242; Dingl. Poly. J« 188 O, 230, 330; Berg. HOttenm. 
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against extraneous influences," but the gases liberated upon 
combustion ewere said to “be very objectionable.” The com¬ 
pressed guncotton of H. Maxim’ was prepared incipient solu¬ 
tion of the nitrated cellulc^e in solvents, being made into a cheese 
by strong pressure, and then hydraulically extruded into forms as 
desired. 

P. Champion and H. Pellet- engaged themselves with the 
subject of compressed guncotton in 1876, but primarily in an 
academic manner. 

In the pamphlet on submarine blasting written in 1886 
(Berlin) by M. v. Fprster, are detailed experimehts with com- 
pressed_ guncotton for the blasting of submerged vessels. In a 
typical example cited, it required 100 blastings with altogether 
1200 kg. guncotton to effectually destroy and remove.an iron 
vessel (tonnage not stated), only the stem being untouched. 
He describes^ a process by means of which a charge of guncotton 
can be kept with its properties unimpaired, under water for a 
considerable period, while Bauer’ evolved a method for blasting 
subaqueous objects with exposed nitrocellulose charges. Fol¬ 
lowing the proposal of F. Abel in 1875 to charge grenades with 

Ztg. 1880, 008; Ocst. Zts Berg. Hiittcnw. 1880, 520; Wag. Jahr. 1880, 26, 
381. 

1. D. R. P. 40164, abst. Chem. Tech. Rep. 1889, 28, II, 173; ZLs. ang. 
Chem. 18!)0, 3, 50; Jahr, Chem. 1890, 43, 2708; Wag. Jahr, 1880, 35, 475; 
Ber, 1890, 23, 42-C; Industricbl. 1800, 87; Tech. Chem. Jahr. 1889, 12, 160. 

2. Compt. rend. 1876, 83, 77, 709; 1877, 84, 600; abst. Ber. 1877, 10, 
735; Chem. Centr. 1877, 48, 323, 739; Wag. Jahr 1876, 22, 479; 1877, 23, 
385; Chemt Tech. Rep. 1876, 15, I, 388; JaJir. Chem. 1877, 30, 1159; Jahr. 
rein Chem. 1877, 5, 175; see also Mon. Sci. 1876, 18, 1160; Ber. 1876, 9, 
1610; Chem. Ncti’s,*l876, 34, 205; Zts. Chem. Grossgewerbe, 1876, 1, 233. 

3. Berg. Huttgn. Ztg. 1878, 117; abst. llingl. Poly. 1878^ 228, 284; 
Zts. Chem. Gro.ssgcwerbe, 1878, 3, 380. Dingl Poly. 18^, 238, 328. Eng. 
Mah. 1884, 31, 113; abst. Proc. U. S. Nav. In.st. 188.5, U, 109; Chem. News, 

1885, 52, 185. Dingl. Poly. 1884, 251, 371; abst. Jahr. Chem. 1884, 37, 
1750; Chem, Ind. 1884, 7, 133; Chem. Ztg. 1884, 8, 348; Chem. Tech. Rep. 
1884, 23, 1, 200; J. C. S. 1884, 46, 948; J. S. C. I. 188i, 3, 330. Chem. Ztg. 

1886, 10, .530; abst. Chem. Tech. Rep. 1886, 25, I, 1.58. Dingl. Poly. 1886, 
261, 25; abst. Jahr. Chem. 1886, 39, 2077; J. S. C. I. 1886, 5, 602; Wag. Jahr. 
1886, 32, 324: Chem. Tech. Rep. 1886, 25, II, 296; Proc. U. Si Nav. Inst. 
1886, 12, 563! Dingl. Poly. 1888, 269, 240; Pop. Sci. Mon. 1888, 32, 133; 
abst. Proc. U. S. Nav. Inst. 1889, 15, 373, 513. D. R. P. 22418, 1882; abst. 
Wag. Jahr. 1883, 29, 390: Chem. Ind. 1883, 6, 149, 269; Industriebl. 1883, 
279; Chem. Tech. Rep. 1883, 22, II, 189. M. v. Fdrster and W. Wolff, D. 
R. P. 26014; abjt. Wag. Jahr. 1884, 30, 377; Chem. Ind. 1884, 7, 31, 165; 
Chem. Tech. Rep. 1884, 23, I, 201; Bull. Soc. Chim. 1884, 42, 398; Poly. 
Notizbl. 1884, 39, 187. E. P. 3866, 1883; abst. J. S. C. I. 1884, 3, 378. 

4. D. R. P. 30242; abst. Wag. Jahr. 1885, 31, 293; Tech. Chem. Jahr. 
1884-5, 7, 158. See also Dingl. Poly. 1885, 64, 518. 
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water and a littl<^guncotton,* M. Forster and Wt Wolflf in Walsrode 
advanced the use of guncotton for grenade charges,* by super¬ 
ficial treatment with a^^solvent; for the formation Sf compressed 
guncotton blasting projectiles;* arid for filling hollow projectiles 
with granulated explosives which were afterwards compressed.* 
Thu usual compressed guncotton as previously described had 
a density of '1.00-1.10.* According to W. Rintoul,* the average 
of several determinations of guncotton of 13% N prepared from 
cotton waste gave 1.075 at 15.5°/15.5° as the absolute density, 
whereas the figure of 1.034 given in the Service Treatise on Ex¬ 
plosives, is therefore somewhat below the truth. When con¬ 
taining not ‘less than 15% of water, corapresspd guncotton is 
uninflammable, and may be transported and stored with safety. 
The specific gravity of guncotton blocks containing no air, but 
with Variable percentages of water is given in the following 
table: 

Water Per. cent. Specific Gravity Density 


18 

1 55 

1.37 

20 

1.54 

1.34 

25 

1.51 

• .1 26 

.30 

1.47 

1.17 


It appears, therefore, that a compressed guncotton of 1.00- 
1.10 density and containing' less than 26% pf water, must contain 
air in the interstices of the matetial. Another point of im¬ 
portance is, that when making up a mine charge or torpedo head 
charge from a number of small blocks (see Fig. 254, A), it is obvious 
that a material amount of space is lost on account of the un¬ 
avoidable airspaces between the individual segments constituting 
the finished black. It is apparent, that in a mine or torpedo, 
the greater tlie weight of guncotton which can be gotten into the 
available space, the greater disruptive power will be produced, 
other factors being equal. • 

1. Nature. tZ, 314; Naturffirscher, 1875, NoJ 40; Poly. Centr. 1875, 
41, 1361; abst. Wag. Jahr. 1876, O, 509; Chem. Tech, Rep. 1875, 14, II, 218; 
Mbell’s Jahr. 1875, 380. 

2. D. R. P. 23808, 26014; abst. Wag. Jahr. 1883, 28, 389; Chem. Ind. 
1883. M, 2542; Chem. Tech. Rep. 1883, 22, II. 188. 

3. D. R. P. 24674; abst. Chem. Tech. Rep. 1884, 21, 1, 204. 

4. D.R. P.33867 

5. It should be remembered that density refers to the weight of gun¬ 
cotton in unit volume as compared with water, whereas specific gravity refers 
to the weight of water and guncotton in unU volume of a compressed Mock. 

6 . J. S. C. I. 1907, », 449, 
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To accomplish this improvement, A. HoUingj' in 1898 was 
granted patent protection for m process for compressing large* 
masses of guncbtton in such a manner that air is substantially 
excluded, the compressed guncotton consisting, therefore, of but 
nitrocellulose and w^ter. 

The various patents of Hollings on tfiis subject embrace in 
their entirety, a means of molding guncotton so that nil the air is 


expelled from the pores of the nitrocotton, the separate fibers 



Fig. 254 

A.— Oio Mbthod, Charge B.—Old Method, Charge 

Opened Out Assembled 

being laid together by pressure, thus forming a mass free from air 
spaces. The invention provides means whereby the guncotton 
will be prevented from lodging or being caught between the press¬ 
ing ramhead or disc hnd the sides of the mould, or if lodged or 
caught, will be prevented from becoming dry, and thus obviate 

1. U. S. P. 654398, 680727, 890728: abst. J. S. C. I. 1902, 2L 276, 
E. P. 19806, 1898; abst. Mon. Sd. 1910, 71, 733. E. P. 23449, 1899; abst. 
Mon. Sci. 1910,72,733. E. P. 3725,1901. E. P. 8278,1903; abst. I. S. C. 1. 
1904, 2S, 560. D. R. P. 124236, 1899; abst. Wag,-Jahr. 1901, », I, 494. 
D. R. P. 125101, 1900; abst. Wag. Jahr.*47, 1, 494. D. R. P. 126974, 1900; 
Abst. Wag. Jabr. 1903, «, I, 365. D. R. P, 129329, 1901, • See L. Hale, 
Arms and ^pl. 1905, IS, 14, 
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any liability to explosion; also to prevent tlie guncotton 
from adhering to the pressing ramhead when the latter is being 
withdrawn. Tlie methods previously proposed lor the formation 
of segmental blocks containing air spaces therein, are thus obviated 
by the inventions of Hollings, whose p^bcess is sharply dis¬ 
tinguished from his predecessors in this field, because the air in 
the blocks, upon removal of the pressure has a tendency to expand 
from its normal elasticity, thus rendering the blocks spongy or 
laminated, diminishing consolidation, and consequently causing 
faulty or incomplete detonation. 

The Hollings processes have been acquired by the New 
Explosivds Co.—to the courtesy of whom much of the information 
and illustration^ in this topic is due—and has been fully de¬ 
scribed in Engineering of May 9, 1902. A completed guncotton 
bjtock as made by this process is shown in Figs. 255, 256, and 
the hydraulic press for forming these blocks is illustrated in Pig. 
267. 

j By these processes guncotton blocks have been made of up 
to 500 lbs. weight, -and having a density of, 1.25. To produce a 
single block of this enormous size, the gunwtton is mixed with hot 
•water, and the air thereby displaced. The pulp and water is 
•then run into a perforated container 9 ft. long, and this container 
placed within the press. The pressure to which the guncotton is 
subjected is 2’/4 tons per sq. in. During the pressing and on the 
release of the pressure, the guncotton is surrounded with water 
to prevent the entry of air. The compressed guncotton is then 
dressed to the desired size by being turned down ip a lathe, so 
that it will jfxactly fit the mine container or torpedo head for 
which it 'A'as^de.signed. In this manner, the maximum of gun¬ 
cotton can be gotten into a given space. Fig. 26,3 shows the above 
described nine feet container in position for filling. » 

The Hollings process was modified aijd amplified by G. Bell 
in a series of patented improvements, the issuance of which began 
in 1903.* The essence of the Bell inventions is that the gun- 

1. V. S. P. 835296. »)5297, 835298. E. P. 17414, 17415, 1903; abst. 
J. S. C. 1. 1904, 2S, 882; Arms Expl. 1904, 12, 122. E. P. 17890, 1903; abst. 
J. S. C. I. 1904, 2J, 836; Arms Expl. 1904, 12, 122. E. P. 10663, 1904; abst. 
J. vS. C. I, 1905, 24, 690; 1906, 1175; Arms Expl. 1905, IS, 90. E. P. 

17414, 1904- abst. J. S. C. I. 1904, 23, 882; Arms Expl. 1904, 12, 136. F. P. 
.340373 340474, .340475, 1904; abst. J. S. C. I. 1904, 23, 836, 837. D. R. P. 
166420, 1904; abst- Wag. Jahr 1905, SI, I, ^60; Zt?, ang. Chem; IW, W, 



Fig. 255. —Machine for Breaking or 


NITRATION OF CRLIyULUSK 


2l(>9 














2172 


TECHNOLOGY pP CELLULOSE ESTBSS 


cotton pulp is fed into and subjected to pressure in a mold with a 
perforated en^ wall adapted to retain the guncotton,® and allow 
the water to pass through. The mold becomes filled with gun¬ 
cotton which is formed into a block. Pistons jre provided to 
compress the blpck endwise, and the pulp may be fed through the 
pistons. The rfiold is provided with means for evenly distribu¬ 
ting the guncotton, so as to ensure a uniform density in the 
finished block. The points of superiority claimed in the inven¬ 
tions of Bell for the manufacture of hydraulically consolidated 
guncotton blocks are as follows: 

1. The nitrocotton is introduced into a chamber exhausted 
of air, and after the mass has been rendered as free as possible 
from air,' water is introduced into the chamber. The interstices 
of the block become filled with water, and air spaces are thus 
avoided. 

2. Tlie guncotton press in which the mold containing 
cylinder is provided with means for making a water tight joint 
between the ram at the open end. Water un^cr pressure is 
provided within the casing in contact with and surrounding the 
charge under compression, so that it shall be available for safety, 
and for obviating the absorptfbn of air by the charge on its ex¬ 
pansion caused by the release of the ram pressure. 

3. The invention has for its object to render the density 
of the block more uniform from end to end than hitherto has been 
produced, and to produce a given average density w'ith con¬ 
siderable loss pressure than heretofore required. To effect this 
purpose there is eisployed a stationary receiver adapted to hold 
the mold contaifnnjj the charge to be compressed, and t^o hy¬ 
draulic plungers adapted to fit within the mold, and to move 
longitudinally and independently of each other, while acting 
upon the opposite ends of the block, so as to .compress it uni¬ 
formly between them. Uniform pressure means uniformity of 
density and of moisture content, it having been found that with 
the prior methods of guncotton consolidation, each block pro¬ 
duced was much denser at the end which had been nearer to the 

152; Zts. Schiess. Spreng. 1906, 1, 16. <D. R. P. 174347, 1904; abst. Wag. 
Jahr. 1906, St, I, 4«1. D. R. P. 177032, 1904; abst. Wag. Jahr. 1906, 52, 1, 
464; Zts. Schiess. Spreng. 1906, 1, 428. D. R. P. 192588, 1904; abst. Wag. 
Jahr. 1907, 5S. 426. Ital. P. 72048, 72049, 1907; 73092, 1903. Zts. Schiess. 
Spreng. 1906,1, 234, 235. 
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ram tliafi at the other end. Unifonnity of moisture is essential, 
it having been demonstrated.that if the amount of moisture is 
too small at any part of the block, the latter will be unsafe, it 
having been established and usually required by governments 
that the perccn^ge of moisture shall be uniformly distributed 
throughout the mass. * , 

4. Uniformity of density in the case of a chhrge of a loco¬ 
motive-torpedo is absolutely necessary in order that the proper 
balance of the torpedo containing it be maintained when sub¬ 
merged, for the accurate delivery of such a torpedo depends on 
very delicate adjustments of weights, poise, and propelling and 
guiding mechanism, so that a difference in weiglft. lietwecn the 
ends of a torpedo charge might well be sufficient to render the 
torpedo useless, unless that difference was known beforehand, 
and the proper allowances made for it in the manufacture. Such 
adjustments would be difficult and so expensive as to materially 
interfere with the employment of this type of torpedo. 

!). By this method, it is claimed a block of 500 pounds, 
homogeneous as»to density and moisture content, may be formed 
in from 10 to l.j minutes. 

In the method, of the New IJxplosives Co., I,td., and J. 
Carter,' the charges are made in longitudinal halves or sections 
of a size to fit the projectile, etc., by compression in molds, where 
the pressure is exerted in a direction transverse to the axis of the 
mold. The sections may then be united by means of collodion 
solution or the like, to form a single piece, the use of lathe-turning 
being thus rendered unnecessary. In the apparatus claimed for 
carrying out this process, the molds for the sepaijite sections are 
provided with drainage perforations and are «pen at the upper 
part to receive the press-head, while mechanical means are^ro- 
vided for bringing them beneath the press-head and removing 
them after the compression. A movable transverse partition 
may be fitted into the mold so as to leave a space at the nose. 
This partition is removed before the compression, so that the pulp 
may enter the space, with the result that this portion of the 
charge does not receive pressure in excess qf that exerted upon any 

1 . E. P. 12378, 1907; abst. C* A. 1909, S, 692; J. S. C. I. 1908, Zl, 
877. F. P. 380352. 1907. U. S. P. 903840, 1908. Ztsf Schiess. Spreng., 
1906,1,233; al)st. Wag. Jahr. 1906, 52, 1 , 492, 
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Other portion, relatively, a point of considerable importance. 

l|| The invention of A. Musker' has reference to the production 
of solidified guncotton blocks from the loose or open state, the 
guncotton being directly introduce into the mold or container 
in which it is fabricated into blocks in conjun<!tion with a limited 
amotmt of ivater, the latter being supplied in such amounts that 
the mass remains in a semi-fluid—as distinguished from a freely- 
flowing or freely-fluid—condition, so that after mixing it can be 
directly pressed. When the mold has received the charge, it is 
direttly pressed into blocks. The press suitable for carrying out 
the operation consists of a cylinder having within it the mold 
vertically disused, and adapted to swing on a piA^ot into and out 
of the swinging position; the ends of the cylinder being covered 
by end covers which may be hydraulically moved in and out of 
position. The charge is pressed in the mold by rams at each end. 
'fhe mixing apparatus is removed from the mold after the mixing, 
and prior to tht; pressing. 

In comparison to the above modern processes, the earlier 
methods of C. Du Suit,* and of Burkart,’ are. of but historical 
interest. 

In Germany, and also in Austria, the general methods of gun¬ 
cotton block manufacture are stated'to be as follows: The nitro¬ 
cellulose intended for pressing is freed from the excess of water 
by allowing it to settle in the pulpcrs and is then suspended in 
warm water (if fKJSsible), and tran.sferred to a vat as a paste, the 
vat containing a horizontally arranged wheel. Definite amounts 
of guncotton are either mea.sured o(f in this tank or weighed out, 
and first subjectffd to a preliminary pressing in order to obtain a 
more compact mass, which will, however, still contain about 
50% of water. In order to effect this, the paste or pulp is placed 
in hollow forms, part of the water removed therefrom by .auction, 
and then pressed mechanically, the pressed mass being then 
weighed, and the excess (if any) removed mechanically. The 
guncotton mass is then hydraulically pressed until the specific 
gravity reaches about 1.20, in which condition from 10% to 20% 
of water still remains. 

The presses used are describjsd by F. Plasch as follows: The 

1. E. p. 198, 3725, 1906, abst. J. S. C. I. 1006, 25, 236. 

3 . E. p. 23280, 1884; abst. J. S. C. I. 1895, M, 1062. 

8. Dingl. Poly. 1873, 2W, 173; abst. Jahr. Cbem. 1873, 26, 1027. 
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pressure cylinder is sunk into the foundation in ordento bring the 
table to a conv^ient height for* working. The supports, of 
course, are powerfully constructed and mounted to thf base 
usually with four columns. It is advizable to adjust the table 
'for various kinds of guiRottons, to insert theijrespective forms and 
dies. These latter are strong steel cylinders, provided witli a 
channel in the direction of their longitudinal axis, and of section 
identical with that of the guncotton bodies to be manufactured. 

The height of the cylinders is usually three times that of the 
bodies of guncotton to be made. A preliminarily pressed piece of 
guncotton and pieces of steel are next introduced, these steel 
pieces being of the s9me size as the hollow of the form, and possess 
many fine channels running in the direction of the axis,^o petmit 
water and air to escape. One to four of these forms arc placed 
inside a heavy iron frame, and fastened. 

This iron frame constitutes the main part of the press table, 
the presses being arranged in such a manner, that in the event of an 
explosion, the operator will not be injured by flying fragments. 
Brick walls, wooden "casings with a filling of sand, or a heavy 
rope screen may be used for this purpose, depending upon the 
locality and type of construction of the press. The valves of the 
presses arc arranged in sueh a position that the operator can work 
them from a protected position. 

The pressing itself is carried out in the following manner: 
The lower opening of the form is closed by the die of the press, 
a preliminarily pressed piece of guncotton and the steel pieces 
previously referred to being placed in each form, the tablfi ad¬ 
justed and the inlet valve opened after the operasio^ has pro¬ 
tected himself. The piston of the press is raisedtand the dies 
enter the form, compressing the guncotton. The valve is closed • 
as soon as the piston has moved up a certain distance, or the full 
pressure is allowed to “remain upon the guncotton for several 
minutes, especially if unusually dense bodies are desired. One 
either presses “to measure,” or "to time.” 

In the case of conically shaped bodies where it is n?cessary 
to press to a certain definite bulk as well as a predetermined 
moisture amtent and density, the manipulation becomes a matter 
of experience of the operator on an individual machind. 

In the United States and England, for instance, the pulped 
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nitrocellulo^ from the stuff chest is drawn into the molding pr&s,* 
the latter being constructed of bronze, actuated hydraulically, 
and.containing thy molds. The pulp is run'into these molds, 
the pressure being applied for about four minutes. The mold- 
press blocks are then taken to the final*press and subjected to % 
pressure of 6000 to 7000 pounds per square inch through an 
interval’of about three minutes, the maximum pressure being 
maintained for about one minute. 

The blocks as they come from the final press contain from 
10%-18% of water, depending upon the pressure to which the 
charge has been subjected, and the time the maximum pressure 
was applied. Often while in the press they are stamped with the 
makers name and the serial lot or date or other distinguishing 
ihark. Such guncotton blocks, slabs or primers before being issued 
to storage or for service, may be re-soaked in water, until their 
moisture content reaches about 

In Older to prepare guncotton for primers, a block of wet 
nitrocellulose may be split up into half inch sections, these being 
strung on copper or brass wire and exposed to a dry atmosphere 
in diffused daylight. Larger blocks are dried as shown in Fig. 
2.')8, the machinery used in their production being illustrated in 
the photographs showrt in Figs. 2.39, 260 and 201. The sections 
are perhxlically weighed, the drying being continued until no 
further loss in weight takes place. The preceding four photo¬ 
graphs are from Nobel’s Explosives Co., Ltd., who have made an 
interesting photographic comparison of cotton and guncotton in 
different stages of manufacture, as shown in Fig. 262, in which 
the conversion of 18 lbs. of cotton into 30 lbs. of guncotton is 
illustrated. Reading from left to right, the seven piles represent, 
(1), the original cotton as withdrawn from the bale; (2) the same 
cotton after being teased, willowed, boiled, and prepared for 
nitration, in which it is observed how the cellulose has increased 
in bulk incident to the opening-up operations to which it has been 
subjected in order to increase its receptiveness for the nitrating 
acids;*(3) after nitration and boiling; (4) after pulping and cen- 
trifugalizing; (5) after stoving (drying); (6) after molding into 
primers; and (7)' after conjpression into blocks for despatch. 

J. 'Kiomas' has observed that moist, pressed gimcotton such 

1. Zts, ang. Chem 1898, il, 1003. 1027; 1899, 12, 55; 1907, 29, 1143; 
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as is used for torpedo charges, when extracted with water, calcium 
nitrite and nitrate can be detected in the filtrate. He explains 
the presence of these water-soluble,,calcmm salts, by the presence 
of small amounts of calcium carbonate added by the manufacturers 
to minimize the developpient of acidity upoft storage, and to 
prevent*th% spontaneous decomposition. Thomas is of,the opinion 
that calcium carbonate, even in the small amounts normally 
introduced in certain approved types of nitrocellulose, induces an 
appreciable and detectable saponification, partially from the 
calcium carbonate which is not entirely insoluble in water, and 
also from CaJlCOs, formed by the action of C02 normally present 
in water on the Ca^JOa. He is not in agreement with O. Gutl- 
mann,.' at leaat in the case of damp guncotton—that it would be 
preferable to omit the addition of chalk, for he contends there is 
always a slight decomposition of such guncotton with the forma¬ 
tion of free acid, which if not neutralized by the chalk, forms a 
nidus for the’ development of incipient decomposition. In his 
opinion, however, the neutralization of the free acid more than 
compensates for the possible deterioration due to the slight 
saponifying effect of the neutralizant. Often guncotton made for 
disruptive purposes contains^a small amount of sodium carbonate, 
which, disseminated through the mass of the nitrocotton, tends 
to neutralize any free acid that may be formed on storage. In 
finished smokeless powder, such an addition would be con¬ 
traindicated, as it would increase the solid residue in the gun, 
and cause some smoke. 

It will be recalled that guncotton, as it leaves the hydraulic 
press in its lasf stage of manufacture contains about 15% of 
moisture, or if from centrifugal drying, about 21%-31% of 
mdlsture, depending upon the time and speed of wringing. In 
this condition, it is inflammable in proportion to the water con¬ 
tained therein, and explosive by means of an ordinary fulminate. 
However, it is very readily detonated through the agency of 
cumulative, detonation (the method first enunciated by H. 

obst. J. S. C. I. 1898, IT, 1179, 1180; 1899, 18, 174; 1907, 26, 840; Chetn, 
Centr. 1899, 76, 1, 76, 5C9; 1907, 78, II, 955; Jahr. Chein. 1898, 51, 1379; 
1905-8, II, 980. 

1. J. S. C I. 1897, 16, 283; Zts. ang. Chem. 1897, 10, 233, 265; abst. 
Mon. Sci. 1898, 51, .37; Chem. Centr. 1897, 68, I, 1185, 1186; Jahr. Chem. 
1897, SO, 1064; Meyer Jahr. Chem. 1897, 7, 300;.Wag. Jahr. 1897, 43, 487, 



Fig. 263. —Block of Guncotton and Press 
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, Sprengel),* aa effect originated by or through the initial explosion 
of the detonator surrounded hty an envelope of dry guncotton. 

exploding detonator acts similarly to that of an envelope 
of dry guncotton, and the force thus accumulated or multiplied, 
causes the explosion of an unlimited quantity of wet guncotton 
with*wltich the cumulative detonator may be in contact. 

This fact has attained a high degree of practical importance, 
and in no small measure, has contributed to the use of guncotton 
safe for military and naval purposes. It permits the storage of 
the main bulk of guncotton in a wet, and hence non-inflammable 
condition for any reasonable length of time, and without danger 
so long as the moisture is not removed. • 

The s^cifications for guncotton slabs for mines, differ but 
comparatively little in the various countries for nitrocellulose 
intended for a specifieally named purpose. 'Those of the British 
Government, may be considered typical, and are said to be as 
follows: 

1. The guncotton is to be manufactrircd from cotton or 
cotton waste. 

2. The percentage oi nitrogen is not to be less than 12.8%, 
nor more than 13.1% as calculated on the dry guncotton. 

3. The percentage of organic matter insoluble in acetone 
should not exceed 1 %. but some contracts have been made on a 
2% insolubility. 

4. The total alkalinity calculated as percentage of CaCOa 
is to be within the limits of 0.8%-1.5% on the weight of the dry 
guncdtton. 

5. The gancotton is to be free from grit, and is not to contain 
any substance other than that naturally present ,in cotton, or 
ainavoidably taken up from the water and the machinery employed 

in manufacture. The total mineral matter is mat to exceed 

; 5 %-* 

6. 'iTie guncotton, either in the form of pulp, or when com- 

1. J. C. S. 1873, 28, 806; abst. Amer. Chemist, 1873, 4, 174; BuU. Soc. 
Chim. 18’’3, 28, 267; Dingl. Poly. 1874, 02 , 323; Poly. Centr. 1874, 40, 970; 
Wag. Jahr. 1874, 20, 434; Jahr. Chem. 1873, 26, 1031; Proc. U. S. Nav. Inst. 
1873, 28, 796; Chem. News, 1875, 32, 9; Phil. Trans. 1874, 362.- 

2. The most suitable method of adding alkaline matter will probably 
be found to be as follows; Afte, the pulp has been washed, sterilised and 
purified in the usual way, the wash water is to be removed and so much of a 
clear saturated .solution of lime water is to be added as will give, as a final 
alkaline content, the prescribed amount. The pulp is to be thoroughly 
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.pressed into primers or slabs, is to stand a heat test of not less 
than 10 minutes at 76.7°, wheii conducted as recommended. 

7. 'I'll® primers and slabs are to be made of finely pulped 
guncotton submitted to a pressure of noj^ less than 4 tons per sq. 
in. of surface, and of dry weights and wet dimensions as specified. 

8. 'The primers and slabs should contain by weight, not less 
than 14%-16% of water per 100 parts of dry guncotton. 

9. The primers and slabs are to be free from any tendency to 
split or open up. 

According to O. Guttmann,' in the employment of nitro¬ 
cellulose of 12.3% nitrogen or thereabouts: 

a. Cartridges of equal diameter but of va.-ying heights exert 
approximately equal effects. 

•b. Cartridges with hollow center are more effective than solid 
ones of the same diameter. 

c. Moist guncotton is more effective than dry, and addition 
of barium hitrate increases this effect. 

d. The larger the sectional area of the cartridge, the more 
widely spread its effect, the direction of propagation of which is 
determined by the area »f the base of the cartridge. 

e. Maximum effect is produced by initiating the explosion 
on the side farthest removed from the object, or by hollowing out 
the cartridge on the side nearest the object. 

Of these pressed guncotton masses, the cylinders for blasting 
cartridges vary considerable in diameter, the height being, 5, 7, 
and 10 cm., the cartridges being wrapped in paper after pressing, 
or thfiy may be pressed directly into paper shells. Guncotton 
prisms are usually quadrangular (4X4X7 cm.) or hexagonal 
prisms, the latter in two general sizes, 8.1 X 5.5 cm.,and 7.4 X 5 
cm. being produced. The latter size is usually produced of un¬ 
usually high density (1.15-1.22). For stationary sea mines, 
prisms of Vt-’A hilo are frequently used. The Austrian tor¬ 
pedoes are made cylindrical, while the German torpedoes are 
more often conical. The cylindrical bodies are either prepared 
by plaa^g cylindrical guncotton slabs one upon another, or 
stirred up in this lime water, and a solution of carbonate of soda, sufficient to 
precipitate the whole of the lime, is to be added; the pulp is then to be again 
well stirr^ up. After the stirring, the soda salts are to be removed by at 
least three w:.shmg$. 

1. Dingl. Poly. 1883, 2M, 456; abst. J. S. C. I. 1884, 3, 329; Chem. 
Ztg. 1883, 7, 1696; Chem. Tech. Rep. 1883, J2, II, 188. 
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radially divided slafcs are used with a center piece, as has been 
described. , 

The coiiieal bodies are similarly formed, a canal being pro¬ 
vided for the insertion of the detonating chaise. These bodies 
are used for filling the hes^d part of the fish-shaped torpedoes. 
Guncotton* bein^ elastic, an expansion up to 3 mm. is observed 
after normal pressing, in the direction in which the maximum 
pressure has been applied. 

The pressed guncotton exhibits a laminated-like structure, 
vertically to the direction of maximum pressure. On the surface 
it appears mor^ like a skin, or where small amounts of solvents 
have been employed for exterior indurating, the'"surface may 
take on ^ comecus texture and homy appearance. 

Pressed guncotton bodies can be milled and worked on the 
lathe similar to wood, by sawing, drilling, turning, rasping and 
scraping, but it is necessary that an abundance of water drip 
on the guncotton mass while manipulating it as above, in order 
to guard against the possibility of sparking by friction. 

The drilling of guncotton is a frequent operation. For 
canals up to 4.5 mm. center tlrills are used, below this special 
drill,s, and for diameters of 10 mm. are turned out. The gun¬ 
cotton mass may be placed in a vicelike device for boring, as 
there is a distinct tendency to peeling, especially if the slab has 
not been uniformly compressed. In drilling, water is allowed to 
continually drip on the drill, the latter being raised from time to 
time, rather than kept down continuously. 

For filling small spaces with guncotton, granulated nitro¬ 
cellulose is often feed on account of the too great difficulty 
in working small nttrocotton bodies. For such uses granulated 
gunettton is more suitable, the granulation being accomplished 
as detailed in another topic herein. ” 

Nitration of Cellulose in Great Britain. At Gretna and at 
Queen’s Ferry, both being government controlled plants, the 
nitration of cotton was carried on during the war on a huge 
scale, and to a high degree of perfection! The methods employed 
and the details of the steps of manufacture are illustrative of the 
best and most recent approved practice, as carried out in this 
country, and arS, therefore, given somewhat in detail herein. 

Nitration of Cellulose at Gretna. Ouiline of Process. This 
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section *of H. M. Explosives Plant at GreUia, vScotland, .was 
divided into the following fiv» departments: 

1. Cotton Waste Bale Stores, in which the ba'es^re delivered 
from the manufacturers. The material is weighed on entering, 
and from which it is issued to process, in which stale it contains 
about 7% of moisture. 
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2. Cotton Waste Treatment Department, where the bales of 
cotton waste are broken open, the cotton teased and cleaned free 
from foreign material, dried, weighed and issued in definite quan¬ 
tities to the nitrating house. 

3. Nitrating House, in wjiich the 'rhomson displacement 
process is used exclusively, and where the purified cotton waste 
is dipped in the nitrating bath in the ratio of one part cotton to 
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32 ‘of mixed add. After the elapse of the spedfied nitration 
period, the residual acid is displaced with cooled water, and the 
former, revivified, distille'd or discarded. 

4. Boiling House, wherein stabilization‘by boiling is carried 
out. The nitrocotton her’: is subjected to a series of boils, con¬ 
sisting oi'two long boils in acid liquid, and three shorter boils in 
alkaline liquid. 

5. Heating, Poaching and Wringing Houses. The boiled 
nitrocotton is finely cut in beating machines, the grit removed 
by blankets, the iron by magnets, and any residual long fiber by 
combs. The. nitrocotton is then poached, calcium carbonate 
added as a stabilizer, after which it is blended into lots and wrung 

The cottdh waste bale stores and waste treatment processes 
have already been described (see p. (H2). 

Nitrating House. The dimensions of the nitrating house was 
approximately 432' x 78', with a G' slope*on floor, and contained 
644 'Thomson nitrating stoneware pans (see Figs. 267-269), the 
pans being arranged in sets of four, with 4' 1” between centers, 
and seven sets in a row. Distance between ro<irs, 18 feet. 'The 
average dimensions of the individual pans are; Internal diameter, 
3'-9'; depth, ll'/ 4 ': capacity suflSicient to take a charge of 27 ibs. 
cotton waste and 877 lbs. mixed acid. One row has been equipped 
with large pans, 3' 9' diameter and 14' deep, which will accom¬ 
modate a charge of 34-35 lbs. cotton waste. 

'The acid enters the house through 2 Vj' branches from a 4' 
iron main, the pans being connected to the branches through a 
I'/s' earthenware cock. *016 spent acid is drawn off through a 
’/«' lead star pipe to either of two 3' ecuthenware mains, the 
plant being so afranged that either one spent acid, or strong acid 
and weak spent acid can be collected. 

All spent mains are protected with iron rail and wooden 
covers, 'hie 3' mains lead into 4' mains outside the nitrating 
house. 'The fumes arising from the dipping are drawn off through 
6' earthenware uprights from 9' earthenware pipes running along 
the center of each row. 'These connect to a 15'-21' main out¬ 
side the house, leading to the ejector fans. The cotton waste 
bins are conveyed into the hofise on Slingsby trucks—six bins 
per truck, 'fhe nitrocotton is conveyed out of the house in 
aluminium or galvanized iron lipped buckets on six-wheeled 
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bogies, a load of nitrocotton ctmprizing the contents of two pans 
(86.4lbs. dry weight). 

From nitrating to the vat house conveyance of the buckets 
is by means of a Vaughn overhead runway,ewith one ton convey- • 
ors, the number of conveyors required being 18, and the number 
of buckets*24. 

Acid Storage. The mixed acid storage tanks (10 in number) 
of '// mild steel, two being lead lined, this arrangement permitting 
of ample storage of both strong and weak spent acids. Each tank 
is provided with a dip-rod gantry, the outlets fitted with Regulus 
metal safety plugs, Quinan valves and cast»iron gland valves, 
the capacity being 180 tons per tank. 

\Mixcd Acid Temperature Regulation. The temperature of 
the mixed acid entering the nitrating house is controlled by pass¬ 
ing it through six sets of coils in parallel, each set consisting of 
four 1V 2 * Vrought iron coils, one inside the other, standing in a 
cast iron tank. Steam, service water and refrigerating water can 
thus be turned on as required, the acid passing from the coils 
through a condenser, through which cooled water flows. 

Spent Acid Pump Houses, consists of two houses, each Con¬ 
taining four tanks and fbur pumps, the^ latter being driven at a 
speed of 1440 r. p. m. from a shafting motor driven, situated in 
an annex to the nitrating house. The motors are 10 h. p., with 
740 r. p. m. 

The tanks are each 8' jdiam. x 2' 11" deep, set in a well 
no' x*Hl)' 6" x n' 5", the floor of which has a One-inch slope to the 
back. A small steam ejector is used to carry away seepage and 
spills. Power,consumed, 10 kilowatts per hour. , 

, Ejector Fans. Two large induced-draught fans, 13' noz¬ 
zles each, connected to six rows, and driven by *20 h. p., 980 
r. p. m. direct coupled motors, running»at 26 amps., with an 
average draught of IVs' in the house. The power consumed 
being 4 kilowatts per hour. In addition there was provided 4 
small induced-draught fans, 6" annular nozzle, each pair con¬ 
nected to six rows, with a 10 h. p. 1440 r. p. m. motor, giving an 
average suction of 174 " wa^er gauge. Power consumed, 2 kilo¬ 
watts per hour. The Sirocco fan was here omitted. 

Vat House. This is a sheet-iron building containing 126 
vats, in rows of six, tlye rows beinjf equally spaced, the vats being 
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fed by an overhead runway, leading from the nitrating house 
through an efectric lift situated at the cetitcr of the building, or 
through a hydraulic elevator situated at the north end of the 
building. The electric lift working cycle was (m seconds, with 
maximum capacity of 2.').') tons per si)^day week, as ajpinst a 
capacity of 380 tons for the hydraulic lift during tin*same pcriotl. 
The runway from the lifts is carried down the side of the house, 
and branches lead off to the various rows of vats, one branch 
serving two rows. This necessitates the use of a chute in load¬ 
ing, the latter being made of wood, is moved about from vat to 
vat as required ^pee Fig. 270). • 

The vats stand on beams IS" above an asphaUed concrete 
floor, the working floor being of pitch pine, and 15" belqiv the 
top of the vats, the latter having a capacity of 2500 gal. of water. 
The vats are of 3" pitch ^ine, tapered, with mean diameter 0' 3", 
average depth 0' 3", of which 125 arc provided, with foundations 
for a further 30. The capacity of each vat is 2.157 long tons 
per charge, with ^n approximately (i5-hour cycle. Allowing 5% 
out for repair, the capacity of the house would lie 350 tons of 
nitrocotton per 7-day week. 

'I'he water supply is either drawn from the glycerol distil¬ 
lery condensers, any deficiency being made up by water from 
the condensers in the refrigerating plant during the summer, or 
from the main in winter. The Water consumption is about 17,(K)0 
gals, per ton of finished nitrocellujose product. 

Steam Suppiy. The steam inlet is through a I'/t" pipe, 
changing at vat to 1" lead pipe with gun-metali,union, the pipe 
being carried to the center of the vat, where it turils up 3' with 
full bore opening. Steam pressure, 05 lbs.; steam comsumptign, 
15 tons per ton nitrocotton. 

Over the steam nozzle a round, tapered wooden column 
stands, built up of six segments, ha’-ing flat, internal faces to 
form a hexagon internally, and bound by lead covered, iron 
bands, and with fiVi* distance between faces. The oolumn, the 
length of which varies with the vat, stands on a lead pedestal 
with openings in each direction ^to serve 'as water inlet, and 
provided with a wooden cap with I'/r' clearance^rom top, to 
serve as circulation outlet. The floor of the vat is flat, so that 
drainage is slow. Six inches above the floor is a spaced false 
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bottom carried on bearers, upon wliich the pitrocotton rests, 
water being sucked through k into the central column for cir¬ 
culation. 

Over/law. A lead chute outlet leads from the top of the vat, 
which carries displacement water to waste. 

Steam Flue. A wooden flue 8" x* S' internally, carries to 
waste, exhaust steam used for circulation, hting provided 
with a damper in the flue which is kept in position while the 
vat is coming to boil, but withdrawn during actual boiling, thus 
keeping the building substantially free from steam. 

Discharge Runway System. This is distinct from the charging 
runway system so that the buckets cannot cross *110111 one line 
to the other. There are provided two exit lifts, ope electric and 
one hydraulic—the former being at the center, and the Ijitter at 
the end of the building, and are on the opposite side of the house 
to the inlet lifts, being^ provided with a separate branch to each 
row of vats, but on the opposite side of the vats to the loading, 
so that one side of the vat is reserved for loading, and the other 
side foi dischargijig. The buckets—of maximum full load weight 
of 6(K) lbs.—are brought to and from the vats by one-ton con¬ 
veyors. 

Beater House Ejevators. It happens that the beater house 
floor is 7' 9' above the floor af the vat house, so the buckets con¬ 
veying the nitrated cotton have to be carried up by elevators— 
one electric and one hydraulic. The icycle of the former is fiO 
seconds, with a two-ton per hpur capacity, while the hydraulic 
lift is 45 seconds, with a 380 ton capacity per week. • 

Beaters. • The capacity of the individual beaters depends 
upon th% nature of the cotton waste nitrated, jn tlie condition of 
the bed plate and roll, and upon the power available. The aiax- 
imum obtainable has been found to be 0.095 long ton per machine 
hour with a 0.19 ton charge, and a two-hour cycle, while the 
working capacity is 0.08 ton per machine per hour, equivalent to 
300 tons per 6-day week for the 26 beaters there installed (see 
Figs. 271 and 272). 

The driving motor is 30 b. h. p., 42 amps., 720 r. p. m. but 
is usually run at 60-63 amps, (i, e., 38-40 b. h. p.); during beat¬ 
ing, however, the belt drive from a 13' pulley is 190 r. p. m. 
The drum is raised or lowered by meansKif a worm wheel acting 
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• on a lever, anammeter being directly opposite the lowering device 
to in^cate the power being consumed. The bedplate contains 
22 to 24 elbowed knr/es, while the roll has 66 straight knives in 
sets of three. . 

Water Consumption. The water supply is 4*’, with patent « 
rubbtr'cushioned valve, which is placed immediately over the 
running-ofi* inlet, the water consumed in beating being 30,000 lbs. 
per ton, with a power consumption of 480 kilowatts per-ton. 

Outlets. There are two outlets, one 8' opening leading to the 
stuff chest launders, and a 4" opening leading to the long fiber 
save-all, the latter being for cleaning down the machine. 

Stuff Chest Launders, are of aluminium, *20" wide and 10" 
deep, ther» being two. The one from the side of the house and 
leading to the stuff chests, can be baffled so that f) to 8 beaters 
lead to a single stuff chest. The other launder collects from the 
other side of the house, and in the saipe manner delivers to other 
stuff chests. 

Stuff Chests. Eight in number, are located on the ground 
floor in the center of the building, and serve as intermediate 
storage tanks, with a capacity of 0.2.5 ton nitrocotton per chest, 

, being 0' deep and 7' diameter with truncated conical agitators 
driven by 4 Vj h. p, motor, the speed (ff the agitator being 55 
r. p. m. The outlet is through 1 Quinan valve to 3" centrifugal 
pumps directly coupled to 8 V 2 h. p. motor, 12.3 amps.,-and 1420 
r. p. m., delivering into a distributing box with overflow outlets 
to grit separation launders. «The gradient, of run is 1/100. 

Crit Separation Lanndm,’consist of alunlTnimn trays 4" deep, 
21' wide, ^d*which are paved with blankets, ot»better, lined with 
permanent cr*ss baffles for catching sand and griteas the nitro- 
R^ellulose pulp is pumped from the stuff chests to thf top end of 
the launder or sluice, and run by gravity dowfl the latmder. 
The author can attest to the efficiency of* this arrangement, from 
personal observation at this factory. Four sets have been in¬ 
stalled. Four stuff chests deliver into two sets, and the other 
four into the opposite chests, one set being usually in use while 
the other is baffled off for cleaning. Each set consists of an 
upper launder running from the center of the house to the end, 
where it meets the delivery launder from the grit tanks, at which 
meeting point is a rectangular chute 12' x 3', delivering into a 
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distributing box 18’ Wow the level of the upper rfiti. From th? 
box are providei two overflows info Ihunders similar to the above 
and these run back to the center of the building. They are in, 
12 feet lengths, with grit traps between each two lengths, the 
latter being small sumps with cleaning outlets delivering into a 
V-trough which leads back to the end of the house, ijnd delivers 
into a washing box. 

Magnets. The launders finally end in a grit trap, from which 
they unite in a aluminium baflled trough, which overflows on to 
two magnet trays, either of which can be baflled off. The magnet 
trays consist of boxes 0' x 2' x 0’ deep, lined with eppper, and 
containing 16 rows of electromagnets 2" wide, and 2' long. At 
the end of the tray is a chute pivoted on to the box, afld balanced 
so that normally it delivers into a launder leading to the potcliers. 
If, therefore, the current ceases to flow so that the magnets cease 
to functionate as such, the'chute falls, and the delivery is changed 
to the grit tanks for re-work. At the same time a bell is brought 
into circuit, and its ringing gives the necessary warning. The 
current for the mapjhetic separators is 100 volts, direct current. 
The magnetic separators may be obtained from the Rapid Mag¬ 
netizing Co., Birmingham. The capacity of the grit separatirn. 
launders is 1.25 tons pet hour pfr set; allowing for two sets run¬ 
ning continuously, while two sets are cleaning, gives a capacity 
of 2.5 tons per hour, equivalent to 210 tons per six day week. 

Washing Boxes, of which one is provided to each half of the 
poacher house, are.j»ch 0' long x^' wide x 1' 9" deep, with an 
overflow partition 1' from the end. In the longer part of the 
box is a decanting outlet leading to the dirty grit tank. In the 
shorter partTis an overflow outlet leading to a dean grit tank, 
and a cleaning outlet leading to the dirty grit tank. On top of 
the partition is a sieve^for filtering out the long fiber nitrocotton. 

Blanket Washing Boxes, are similar to those described above, 
but are kept exclusively for washing blankets, being steam-heated. 
They have scrapers fitted to the sides for the cleaniijg of the 
blankets. 

Blankets used are raised white cotton jnoleskin 21’ wide, 
which are laid on trays and held in ftosition by means of lead bars. 

Long Fiber Combs. These combs are lead-weighted wooden 
boards containing 150 projecting 3’ brass screws, and are located 
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in the grit runs where they entangle the long fibered nitrocotton 
as it pihssp. , 

Grit Tanks. Two tanks to each half gf the house, one for the 
relatively clean nitrocellulose, and the othcc for the relatively 
dirty.* They are iron tanks 7' 0" x 4' x 4", in the outlet to which 
is a 2" pum}) direct coupled to a 2 h. p. motor, at 1400 r. p. m. 
'This pump delivers to upper feed launder at the end of the poacher 
house, and thus direct to the lower launders. 

Poachers. After the nitrated cotton has run down the grit 
launders and over the magnets, it delivers into an aluminium 
launder which leads to a wooden lead-lined laufider 10" wide and 
0’ deep. The two launders (one from each set of magnets) meet 
and rtm side by side to the center of the stage, from which point 
each branches down half of the house to supply eight poachers. 
Where they meet interconnection* is provided, so that a beater 
can be delivered to any point on the poacher stage, the delivery 
being controlled by gates. There are also gates at the inlet of 
each machine. The poachers themselves aro large iron washing 
machines, capable of treating one ton of nitrocotton at a time. 
.At one end of the machine is a li" centrifugal circulating pump, 
belt driven at a speed of 4.j(l r. p. m. by means of a 2o h. p. motor. 
Delivery from this pump is through a long narrow slot or noz¬ 
zle I'/a” X 11' 10" into a chute at the other end of the machine. 
This gives to the nitrototton in the poachers the necessary cir¬ 
culation for washing, after fresli water has been added. 

Three inch pipes for decanting off the dirty water are pro¬ 
vided, swivalling on a loose union attached to the bottom of the 
poacher. The/ are provided with a cross piece of 3" piping 
vJith a ‘/V slot for draining off the liquid, this cross piece being 
teed on to the main arm. The whole is counterpoised more or 
less by means of a lead weight. Below the poacher, these pipes 
lead into wooden launders delivering into the save-all. 

The pulp outlet is 9" and delivers into 9" mains leading to 
a 6’ centrifugal pump with a branch to the save-all for cleaning 
purposes. The pump is direct-coupled to a 42 h. p. 1440 r. p. 
m. motor, there being one piimp and motor to each half of the 
poacher house; being interconnected, so that, if necessary, any 
poacher can be sent to any blendei; and one pump thus becomes 
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a spare to t{ie other, of valui* in case of accident. 

Capacity of Poachers. \ charge of'1.08 (long) tons, and a 
cycle of 7.5 hours, gives a capacity of 0.144 ton per machine per 
hour. Of the lG»machines employed,^assuming 15 of them to 
be continually in action, admits of the treatment of .'105^ons per 
six-day week. 

Blending Tanks are 21' diameter, (i' 0' deep, with a capacity 
equivalent to 4 tons of dry nitrocellulose, being six in number. 
?)ach is provided with a hollow truncated conical agitator, driven 
by 17 h. p., 930 r. p. m. motor, geared down to a speed of 20 
r. p. m. • , * 

Wringer Feed. Outlet leads to the suction of a»4'’ centrifugal 
pump driven by a 10 h. p. 720 r. p. m. direct-coupled' motor. 
Delivery from the pump is around the rear of the centrifugal 
machines, and thus up Jo tht top of the blender. Between each 
pair of wringers is a 3" Quinan valve with a short hose pipe on 
nozzle, connecting it to a 4-way distributor suspended on a 
swivel arm. Strainer bags 3' wide and 3' 3’ deep are suspended 
from and filled through this distributor into centrifugal machines 
(I'igs. 273-275). 

Capacity of Tanhs. Six tanks with a 0-hour cycle, and a 
charge of 4.32 tons, are provided. The capacity, therefore, is 
1.44 tons per tank hour, a total of KKX) tons per six-day week. 

Wringers. There are ‘24, in three*banks of eight, and are 
water driven. Tlje high-pressuie pumps are driven by direct- 
coupled 105 h. p. fhotor to deliver water at 200 lbs. per sq. ih. Two 
pumps are provided to each bank of 8 wringers*-qjie acting as a 
spare to tlie other. The spent water is returned to a tank, from 
which pump again draws its supply. The machines are driven 
at a speed of 1000-1100 r. p. m., the baskets being 42" diam., 
accommodating a clfarge of 0.055 ton per machine hour. There 
are 24 machines installed, and on tne assumption that 16 are 
running on a 20-minute cycle, the total plant capacity is 3;}0 
tons per six-day week. 

Weighing. Twelve bags are weighed at a time on a one-ton 
scale, and trucked to the screening house. 

Save-All consists of a long settling drain, divided into two 
sections—one for nitrocotton contaminated 'with long fiber, and 
one for nitrocellulose free from long fiber. The settled nitro- 
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Fio. 275. —Picking Over the Nitrocellulose 
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cellulose Ironi the latter is pumped into the re work tank with a 
.'1' pump, direct-coupled to an h. p. motor, the suction having 
a flexible hose connection with a sieve on tjic end of it. 

Rc-work Tank, is a wooden, lead-lined tank S' lonjr x S' j' 
wide, and f' deep,»divided into thjee compartments. The first 
compartment is 2' lonR and S' wide, Beins; 0" above thf floor 
of the tank, through which the nitnx-otton flows into a second 
compartment. The latter is 4' long and provided with an agita¬ 
tor. Between the second and third compartments a partition 
rises to 0" from the top, being provided with a sieve, through 
which the nitrocotton must flow into the third compartment. 
This is 2' long with an otitlet to a d" pump direct-citupled to an 
S' h. p. motor. This pump delivers into a Switch |)Ox over the 
grit seitaratiou launders, while the box has gates; launders.fieliv- 
ering to either set of grit runs. The beater and poacher motors 
are air-cooled, while all centrifugal iiumps are fitted with water 
injeetors into stiifting boxes. All tile motors on the ground floor 
driiing machines and the i)um|)s on the upper floors are fitted 
with emergency switches and signal lights. The whole building, 
including the motor floor, is in the ''clean area,” with flijors of 
gritless asphalt. 

Delailed Dacripiion of Ihe Process. The follow'ing is a de- 
taileif description of the proc#ss in its entirety, from the raw 
cotton to the finished and inspected nitna-otton, in general, as 
carried on at the (Iretna plant, includinj; methods of procedures 
not touched upon in Chapter IV (j^ this volume. 

Cotton ]Vastc»frcat>ni'nt. The trucks of raw eottoa waste 
from the wastik mills arc run into the stores and»olT-loadcd with 
overhead l;pnd-erancs, care being taken that all ^cotfsignraents of 
cotton waste are kept separate and labeled. T'he cotton waste js 
issued to a requisition from the prtx'css engineer in charge of the 
department, stating <he number of bales required from each 
consignment for the day. Consignments must be passed by the 
factory chief as within specifications before being drawn. 

Specification for Cotton ir(j,s/(' for Cellulose Manufacture. 
The specifications direct that it shall be cotton cellulose, specially 
suitable for the manufacture of njtrocellul(*e, to consist largely 
of fibers of long staple, preferably twisted, and 4) contain as 
little as possible of felted, unspun short .fiber cotton or dust. 
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technically kno'^ as “fly.” Spun material, such as cops or cop 
bottoms, may not be used. Weaving mill waste may also not 
be employed. < 

The waste must not show more than^the following figures 
calculated as percentage on thf dry material: c 

• Moisture. 7.0% 

Oily*matter. 0 6% 

Soluble on boiling 1 hr. in 3% NaOH.5 0% 

Reduction of Fehling’s solution (1 vol. to 2 
vols. water) on heating 15 mins, at 100°... 1.0% 

Mineral matter. 1 25% 

Except as regards the above figures, it must be entirely free 
from organii? matter other than pure, resistant ■ormal cellulose, 
and on dyeing with* a basic dyestuff as fuchsine, the fixation of 
color luust be slight and uniform, and must show no deeply dyed 
particles or fibers. 

The consignments are blended ho quality and date of receipt, 
each bale being weighed on the run-way weigh-bridge at the time 
of issue. All the work in connection with the receiving and issu¬ 
ing of bales is in charge of the Stores Departmqpt. 

Bale Breaking. A stock of bales is brought over each day 
to supply the three shifts, there being available space in the bale 
breaking room for 100 bal#s. The bales are broken out of the 
stack, placed on small bogies and rtin to the bale breakers, where 
the straps are cut with a strap knife and the wrappings removed. 
All straps and wrappings.are collected and returned to the cotton 
waste mills. The breakers open,up the cotton waste and remove 
large quantities of husk, wood and sand, which are caught in a 
tray beneath theanachine, being periodically removad and burned. 

Teaser Feed., All fly and dust are removed throygh a fan 
to ^ cyclone, the cotton waste leaving the machine falls into a 
hopper, and is conveyed by means of a fan through a 16' pipe 
to the teaser feed. One breaker supplies three teasers, the cotton 
waste being distributed by means of a flap valve. The rate of 
feed is controlled from the teasers by means of a bell signal. 
All dust and fly caused by the air conveyor are removed by a 
suction fan and cyclone. 

Teaser. From thfc feeder t)ie cotton waste issues in an even 
layer to the teaser, where it is opened up and largely freed from 
foreign matter. The waste from this machine is all re-treated in 
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the re-w(jrk willoiflier, and a considerable saving effected. 

Drier. From the teaser the cotton passes <up an elevator 
brattice and t^ls on to the top'brattice of the drier, travels the 
length of the machine, drops to the next Brattice, and so on over 
the five brattices, then through the willower, which again opens 
up the cotton waste—freeing it at? the ^ame time from foreign 
matter and short fiber cotton, and delivers it through a tvfo-way 
feed into bins—one bin being placed in position wh'ile the other 
is being stacked. The cotton waste is dried by a cuaent of air 
heated to 100°, by being blown through a tubular steam heater 
under the drier. The time required to pass through the drier is 
O'/s minutes with a 10' driving pulley. 

Moisture Cofltent. During the passage of the cotton waste 
through the drier, the moisture is reduced from f%-10^ to 
0.5%-l .0%, The charge of cotton waste per bin is adjusted on a 
platform weighing machine to 27 lbs. dry weight ('/< lb. being 
allowed for moisture). The bins of cotton waste are stored in 
the cooling room for .3-4 hours to allow the temperature of the 
waste to fall to about 20°. The number of bins required in 
continuous use is about 500. 

Fire Service. The department is fitted throughout with 
Mather & Platt automatic sprinklers, and hand hose and fir? 
extinguishers are situated at convenient positions. The driers 
are equipped with a water dreifching system of twenty *// pipes 
from a 2 V 2 ' supply, and a steam drenching system of ’/*' pipes. 
The willowers have a separate set of tluee water jets. Special 
girls are detailed ip each shift *0 attend to the various fire 
duties. * 

Nitration. • The bins containing 27 lbs. of co81e4, dry cotton 
waste are trucked to the nitrating house and placed along the 
wall at the top end of the rows. Aluminium hoods are placed Ai 
the set of nitrating pans to be dipped, and connected to the fume 
main with aluminium four-way connections. The outlet plug is 
removed, the set completely drained, and the plug replaced. 

Mixed Acid. Aluminium gauges are placed on the sides of 
the pans, and the acid runs up to the bottom of tfie gauges. 
The quantity of acid is regulated to give a ratio to cotton of 
1: 32.!). The acid specifications may be stated as, sulfuric add, 
62.14-62.17; total nitrogen adds, 22.85%-23.15%; vs^ter, 14.8%- 
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l-l.O');,, varying slightly according to the /season of, the year. 
■ Dipping, ffhe bins of cotton waste are rolled into position 
in fron^ of the pans, the gauges" removed, and thy cotton waste 
dipped uvder the surface of the acid in small armfuls with 
aluminium forks. a 

Sealing. When th^ entire charge has bten completely im¬ 
mersed, earthenware, segmental top plates arc put over the sur¬ 
face of the cotton and a thin layer of water to keep down the 
fumes is run over the surface through rubber tubes. This water 
is cooled to below 10°. 'I'hc empty bins are rolled back to the 
wall, and returned to the cooling room. While dipping is in 
progress at one set, the next set is fitted with hoods and filled with 
acid. On linishin)' a set, the dippers transfer Itie hoods to the 
next jSet to l»e filled, and the acid runner finishes the conuections, 
I%splacnncnt. 'I'lic cotton waste is allowed t(t nitrate for 
2 hours, 10 minutes, and then the acid is displaced, the water 
distributor is turned on, and the ofitlet.cock oitened. 'I'lie s|)ent 
acid is run off through a lead siphon down the spent acid main 
to the pump house, and from there pumped to storage tanks. 
From the latter, it is cither taken for revivificatiou or distillation. 
Spent Acid. 'I'lic average composition of the acid obtained 
is sulfuric acid, (il.l'/i; nitric iK'id, 10.N''J ; W'ater, lO.l'/J, from 
which it will be observed that the sulfurii' acid decreases about 
1%; nitric acid decreases about ; and water increases about 
4.2''/,, as the result of the nitration, 

'i'hc level of water during the displacement is maintained 
just below tne top of the pans. When the >p, gr. of the ,s[)ent 
acid dix'reases to 1,21)0 as indicated by the Ifydrbmcter float in 
the sight glajs sft'iking the water is turned off aiut the set drained 
to waste for teir minutes, 'I'he top plates are then removed, and 
tfte nitrocelhdose lifted out into aluminimp buckets, which are 
conveyed on bogies to the iimway, and hoisted to tfie vat house 
by means of an electric elevator. * 

Treatment oj Spilled Cotton IFastc and Kitrocoiton. Cotton 
waste spilled while dipping is picked up, and if dry, dipped in 
the next set; if wet, placed in a tub at the end of the row to be 
transferred to the waste bin at the end of the shift. All nitro- 
cotton spilled is picliced up, and, if reasonably clean, placed in 
the buckets ;'lf too dirty, it is placed in a tub at the end of the row. 
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All waste iswcighed, and each shift debited with its own loss. 
The girls are supplied with clogs and the usual klraki nnifonn; • 
while tho.se on dipping, displacing afid acid running, receive nibber 
gloves, rubber aprons and aspirators. 

Pan Cycle. Running up acid, lo min. 

Dipping cotton wastt-, l.'i juin. 

Nitration, 2 hrs. 10 min. 

Displacement, 2 hrs. 20 min. 

Discharging, 10 min. 

Total, .■) hrs. 20 min. 

.'^iahilisaiion. The nitrocotton rag enters the vat house by 
means of two runwgys, one ending in an electric clevatof situated 
.at the center of the house, and one ending in a hydraulic lift 

situated at one end of the house. I'rom there, buckAs arc lie- 

• 

livered to the ^ats via the branch runways. At the vat, the false 
bottom is covered with water i^d then the bucket contents are 
emptied into it by means bf a chute. Thirty buckets, or 1.") 
sets, constitute a vat charge equivalent to about l.l.'jT tons ■ 
and this, for record purposes, is termed a consignment. The 
ratio of nitrocotton to water is 1. 10. Water is then run in to 
within two feet from top (to allow for expansion and conden¬ 
sation), and the steam is ttirned on. 

Water Treatment. Tfie watenused in the stabilization process 
is alkaline to the extent of O.OI f' ,' as calcium carbonate, the 
alkalinity of the main supply water varying from (l.002(y, ■0.012'/;;. 
This water is regularly tested every two hours, and the quantity of 
sodium bicarbonate to’be added, being dependent upon the rgsults 
of this determination. A definite quantity of water is run into 
the mixing tank, and the calculated quantity of sodtnm bicar¬ 
bonate added. Agitation is allowed to proceed for two hours,^ 
after which the charge'is dropped into the storage tanks. Two 
charges can be made upcn the one shift, giving a sufficient quan¬ 
tity to last for the 24 hours. The concentration of the charge 
varies, of course, according to the alkalinity of the supply water, 
but the mean figure is about 2','v, calculated as CaCfii. One 
man on the day shift is able to keep the plant running satis¬ 
factorily. 

Time Table oj Boiling. The nitrocotton is usually.submitted 
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to a minimum of five distinct boils, arranged somewhat as follows: 
* First Bfcil. Of 12 hours, after which a sample is taken and 
titrated against Af/NaOH. If the result be wjthin specification 
limits,«the outlet is‘ opened and the vat drained for one hour. 
The acidity after this first process boil»is recorded on a process 
recor4 sheet, the iner^n figure being 0.12% Sulfuric acid. 

'Second Boil. Of 12 hours, after which a sample is taken 
and the reaction to methyl orange determined, after which cold 
water is run in at the bottom, so that the hot water overflows 
at the top, the time of displacement being approximately two 
hours. The level of the water is dropped two feet before again 
turning on the steam. Mean acidity, 0.03% H^ 04 . 

Third Boil., 0 hours, the reaction after tnis boil being noted, 
ai>d genefally found to be 0.0(X)7.5% H 2 SO 4 . The nitrocotton is 
then drained for one hour. 

Fourth Boil. 0 hours, reaction generally alkaline to the 
extent of.().0007.j% NaOH. Drfiin for one hour. 

Fifth Boil. Similar to the fourth. After boiling, displace 
by cold water, drain, and the vat is ready for discharging. The 
liquor from the last boil is titrated, and entered on a permanent 
rec6rd. 

Discharging. Before commencing to discharge, the process 
record sheet is checked by the chemist-on duty, and when satis¬ 
factory, the buckets are lowered into the vats (see Fig. 276), 
filled, and hauled out again by hand, being conveyed on a runway 
to the beating stage, as shown in the photograph. 

Picking. On the beater stage the buckets are dumped on 
to tlie tables and the rag is picked over and teased to the beaters. 
The latter is' first filled with a definite quantity of water (usually 
4000 lbs. are from the top) to give a ratio of from 1:13 to 1:14 
'‘’on the nitrocotton added. All pickings are dropped into a small 
bag suspended from the table. The motor is then started and 
the nitrocotton fed in as rapidly as possible, the ammeter show¬ 
ing full load on the motor during charging. When all is in, the 
roll is steadily lowered until a 50% overload is registered, the 
indicator being kept at this point until the beating is com¬ 
pleted. 

Charge. Five buckets (0.18 ton) constitute a beater charge. 
There are’four to six vats discharging at once, and the buckets 



Fig. 276. —Loading the Nitrocottok into the Preliminary Boiling Tubs 
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^ art indiscriminately selected from any of*these, so that blending 
is carried out in the beaters. „ 

fineness. The fineness of Jhe product is judged by the feel 
and inspection of the pulp in the hand, Ijut in addition, a general 
sample is taken daily and *nt to the laborttory for fineness and 
alkaiimty determinations—the settled volume from 10 gm. in 
200 cc. wa'ter being measured after 20 min. The reading aimed 
at is 100 ce. or less, and this figure should be obtained with a 
two-hours' total cycle, but is dependent upon the condition of 
the bedplate and roll in the machine. 

Blanket (I'rii Separation. From the beaters the pulp flows to 
the stuff chests previously described, and thence over blanket 
laujiders, ilirough grit traps, over long fiber combs, and magnetic 
sepdrators to the poachers. The ratio of nitroci^tton to water 
in these launders is approximately 1:20. The grit which is 
carried by the nitrocotton settles but qji the blankets and in traps. 
Any long fiber which has missed cutting on the beaters is combed 
out by the long fiber trays, which consist of strips of wood with 
projecting screws and small particles of motallic iron which fail 
to settle on the blankets are held by the magnetic separators, 

, After each eight beaters have been sent over the grit runs, the 
blankets are taken np and washed in jr special tank provided. 
The tank is fitted with a scries *of scrapers, over which the blan¬ 
kets are drawn. The pulp is washed by decantation, the nitro¬ 
cotton in suspension overflowing to the grit tanks. The residues 
are burned. •• , 

Poaching. Six beater charges constituu' one poacher charge, 
this being ,known as a “batch,” the weight beifig approximately 
one ton dry nhrocotton, giving a ratio of nitrocclhriose to water 
T)f 1: b). Eight pounds of reprecipitated,calcium carbonate are 
added. The machine is then filled with cold water, and the 
circulation pump started. The run is for 1.) min., after which 
the circulation is stopped, the material allowed to subside for 
20 min., and the process repeated. The charge is washed in 
this manner five times, the total quantity of water used in wash¬ 
ing being 22,(l()() lbs. The decanting rate is I.')!)!) lbs. per minute. 

The last skimming is edVried to 4" from the surface of the 
pulp, and fhe circulating pump again started. A batch sample 



NITRATION OP CELLULOSE 


2215 


is then ?aken, and* the charge directly pumped to the blender. 

Blenders. Four poachers ^orm a blender charge—termed a 
blend—is kefit in the blender house until a sample, sent to the 
laboratory, has been- passed upon. The batch sampfes are kept 
in the house untiVthe blend analysis has been completed. 

Ke-worked Nitrocellulose. This is’obtainable from .the fol¬ 
lowing three sources: • 

1. From the nitrocellulose drying stoves. 

2. From the nitrocellulose screening house, 

.'i. Incidental, in various steps of manufacture. 

Drying Sterves. The nitroootton for re-work from the drying 
stoves save-alh* is delivered in tank cars to the pulping house, 
and from these is pumped by a 2" pump iirto the re-work tank. 

.Screening House. The material from the nitrocellulosft^creen- 
ing house*save-all is pumped direct by means of a 2'// pump 
into the re work tank in tli# pulping house. From the latter it 
runs over a special set of grit separation launders into a trough, 
from which it is pumped to a special poacher by means of a 2’ 
pump. In the poacher the nitrocellulose is given a batch num¬ 
ber, washed as a normal charge and sampled, but witljout the 
addition of calcium carbonate. If the analysis is within specifica¬ 
tion, the charge is distributed over three blends. The blank^ts 
froril these runs are washed in « special washing trough, from which 
the washings overflow into the save-all, while the residue is de¬ 
stroyed. , 

The nitrocotton from the main save-all is pumped directly 
into the switch «b’ox feeding the main grit separation jaunders, 
where it is bljnded in with process nitrocottoiv,from the beaters. 
Re-work irom the narrow savc-all is pumped^ info the re-work 
tank, and thence sent to the switch box feeding the main ^rit 
separation launders! The long fiber nitrocellulose from the combs 
and other sources isipicked over into a filling beater. 

.Short fiber re-work from the grit separation launders, and 
blanket washing troughs, is allowed to overflow from the troughs 
into the clean grit tanks, and thence is again pumped to the 
launders, where it is blended with normal process nitrocotton 
from the beaters. ^ 

Decantings from these troughs are run into, the dirty grit 
tank, thence pumped across the main grit separation launders 
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into^the clean grit^tank, from which it is again pumped over clean 
blankets into the poacher. , 

Pulping House Wringing, In the blender, the Jjulp is kept 
agitated unt*l required, then the circulating gump is started and 
the pulp circulated round the ^pe system behi^id the wringers. 
Valves aje"placed along tlte pipe line, one opposite each pair of 
centrifugal marines, and the pulp is drawn off as required into 
bags in the centrifugal machine. Time of spinning is 15 min. 
at 1100 r. p. m.; average moisture content, 31%; charge per 
machine, 0.055 ton. 

The nitrocellulose is unloaded from the centrifugal machines 
into tared trueks which are wheeled on to a weigh bridge, and 
then despatched to tht screening house. 

Sciiening Nitrocellulose. The object of the screening process 
is to bring the nitrocellulose into a perfectly loose and uniformly 
fine condition before drying—another step in blending. The 
nitrocotton after it leaves the wringers is trough! from the pulp¬ 
ing house, the centrifugalization having reduced the moisture 
content to 31%--32%, and is put through the screening machines, 
which are of the nutmeg-grater type. The screened nitrocellulose 
is despatched in rubber bags to the drying stoves or to the mag¬ 
azines. ' 

The screening house building ic of iron, about 145' x 50', 
having an annex IS' wide x 150' long on one side. All floorings 
arc of asphalt, and are iq the so-called “clean” area, the main 
building having an upper and a lower floor. On the upper are 
located the 12 reciprocating screening machines, under which 
hang calico hoppers and bag holders 9 (refer to Fig, 273), which 
are attended td fr(jm the bottom floor. On the opposite side of 
the bottom floor to the annex is a loading platform where the 
screened nitrocellulose is loaded on trucks for despatch* 

Between the pulping house and the screening building are 
located two electric hoists and a conveyor belt, which- serve for the 
transference of nitrocellulose from the centrifugals to the screens. 

The Scre:ns may be divided, for the purposes of description, 
into three parts, as follows: 

1. 'The reciprocating bin, -with its flat, rectangular perforated 
cast iron plate Ijottom (or screen), all mounted on wooden wheels 
running in wooden grooves. The reciprocating motion is given 
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to this bin by meass of a connecting rod actuated from an eccen¬ 
tric, which runs at 40 r. p. m. • . 

. 2. Stationary bafiSes supported on a rigid framework. These 
serve to rub the nitrocellulose through'the screen as the latter, 
full of nitrocotton, passes to and fro underneath the baffles. 

3. Hoppers and bag holders'undy the screen, to facilitate 
loading the screened nitrocellulose into rubber bags on’the bot¬ 
tom floor of the house. 

The Reciprocating Bin or Screen consists of a rectangular 
wooden frame 8' 10" long x 5’ 2'/2" wide x fl' deep, inside dimen¬ 
sions, the thickness of the sides being 2 '/ 2 ’, and of the ends 2'. 
This bin is strengthened by means of nine ‘/i* bars, running 
longitudinally, and seven iron cross-bars 2' deep and ’/«' wide. 
The frame, bars and cross-pieces all serx'e to support th& screen, 
so that it cannot buckle under the pres.sure to which it is subjected. 
Attached to the top edges of the frame is the screen, the latter 
being made of punched, ga^anized iron plate, in three parts, the 
joints of the parts being covered by 2' thin iron strapping, which 
is screwed to 3" x 2" wooden cross-pieces underneath. The holes 
in the screen aiR ’/s' diam., and about one-third the circum¬ 
ference of each hole is raised into a lip which serves to' slice oft 
the nitrocellulose; as the lips wear down the efficiency of the 
screen diminishes correspondingly. The holes arc spaced about 
1" centers, and the lips are arranged in the opposite direction in 
alternate rows. Thus, for each movement in one direction of the 
screen one-half of the total number of'lips are cutting the nitro¬ 
cellulose. The sides of the frame and screen project a foot past 
the end baffles. * At one end is attached the connecting rod which 
moves the screen, the latter being supported*on ^our hardwood 
wheels, tfach 10' diam. and 2' thick, and each made of a single 
piece of wood. Tlte wheels have brass bushings, and rotate oirtron 
spindles which are,attached to the front girders. The spindles 
have each a grease cup at the end, and the lubricant passes through 
a hole in the spindle to the bearing. The screen frame carries 
four runners, each of which rests on one of the wheels. The 
periphery of each wheel is rounded, and each runner has a cor¬ 
responding groove to suit, so that the frame is kept in positiem 
as it slides to and fro on the wheels. 

Each runner is 1' 9' long x 6' wide x 2' deep,tad is attached 
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to the frame by a length of angle iron. Attached to the frame, 
and rising above Ihe screen, is a wooden edging '/g’ thick, Vi'U" 
deep at the sides, and 9' deep at 'the ends. This edging serves 
to prevent any unscreened cotton from getting into the hoppers. 
The screen makes about 40 reciprocations per'tainute, correspond¬ 
ing to 40 revolutions per ijiinute of the eccentric on the machine 
shafting. , 

The screen holds at one time about 10 wringing bags, each 
containing 40 lbs. of wet nitrocellulose (.11% water), or a load 
of 400 lbs. in all 

Stationary Baffles. A rigid rectangular wooden frame made 
of 2" lumber ,0'O'/./ long x ‘i'V/" wide x 11'// deep, inside 
dimensions, supports .seven wooden baffles placed at right angles 
to the d^irectioli of the screen’s motion and spaced equal distances 
apart. The baffles are deep and l^/g” thick; each has a piece 
of 1-ply balata belting, 2" deep, let into a groove on the under 
side. The bottom edge of each piece of balata just touches the 
surface of the moving screen and keeps the mass of cotton sta 
tionary in the bin, while the moving screen slices off particles 
from the under surface. The baffles are let into vertical slots in 
the sides of the stationary frame, so that when it is necessary to 
clean the machine all the baffles can readily be taken out. .4n 
ojjening 2" high is cut along the bottom ends of the frame, thus 
preventing the cotton packing between the bottom of the frame 
and the screen. The frame is supported by four iron straps, 
I* X V 2 ''> which are bolted to the floor girders and stayed by four 
inclined iron straps 2' x 'li". 

Bag Holders. The device for holding the rubber bag con¬ 
tainers of the .screened nitrocellulose consists of a round iron ring 
over which the toij) edge of the rubber bag is lapped. Supporting 
the ‘bottom of the bag is a small-sized wood seat 272 ' above floor 
level, hung from the iron ring. Tlie iron rings are hung in pairs 
from vertical spindles, so that they are free to rotate horizontally. 
At the mouth of each calico hopper is one pair of such ring bag 
holders. Ai|^ empty bag can thus be fixed ready while its neigh¬ 
boring bag is filling, and swung around immediately the full 
bag is removed. 

Power System of Screening House. One running and one 
reserve—duplicates. 15 h. p. motors of squirrel cage type, running 
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it !.■)()() TC\j:)lutions on 4'’() volts 2(1 amps., and driving Ihrongh 
^a) a reduction gear giving a reduction of X(l ti^ 22, (b) main 
Iriving belt d" wide from a pulky on reduction gear shaft 11" 
iliam. and S" wide, to a large fgillcy on the main shafting 2'!)" 
diam. and O’ wide. 

Main Shafting. • Main shafting i» about 1(10' long x 2' ..'diam. 
Supported at intervals by self-aligning bearings distance "apart 
varying, but usually about 1)10'. ‘ 

h'lnal Dnre. Final drive is from pulley on main shafting 
12" diam. by a 2', s" belt to fast and loose pulleys on the 2" machine 
shaft. Pulley, 2.S" diam. x 2',»" wide. Thence by a crank of 
0" eccentricity, giving a stroke to the machine of one tout: 40 
complete reciprocations [ler minute. * 

Screening House Sarc-all. When hosing down the floors of the 
screening hoi^sc all spilt nitrocelluloscs is llu.slied into open drains 
which lead into a save-all, consisting of two settling troughs, 
either of which can be sljut rtff for cleaning. The troughs are 
each 20' tong x 2' wide x 2' .k" deep. At the save-all is a 1" 
Douglas pump driven by a 2',\, h. j). motor, by means of which 
the nitrocellulose wljich has settled in the save-all can periodically 
be pumped out by a suction hose connection and forced sdong 
an iron pipe main to the re-work plant on the floor of the pulping 
house. , * 

Method of Operation. TheSiitrocellulose leaves the wringers 
in linen bags, each containing 10 lbs. of wet nitrocellulose (2P:T 
moisture). As the nitrocellulose is takiai over at the pulping 
house weigh-bridge,^ a checker rei,'ords the number of bags and 
the blend number. ''I'lie trolley containing the linen bags of nitro¬ 
cellulose is then* trucked on to the lift and up to the upper floor 
of the screejiing house, where the trolleys are taktm from the lift, 
run over to the machines and unloaded as required. 'I'he trolleji, 
when empty, is returned to the pulping house floor by the lift to 
be refilled. The nitrwellulose, when emptied into a machine, is 
compres.sed and lumpy, and has to be broken somewhat by hand 
into fairly small pieces so that it packs well down between the 
baffles on to the screen. The machine is fed so that fhe baffles 
are always covered and the nitrocellulose is kept level with the 
top of the bin. • 

Downstairs, where the screened and purified »itroceUulose 
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is caught in bags the procedure is somewhat fis follows: 
, Empty bags are fixed on to the two sets of bag holders, and 
the ends of the two calico hoppors each tucked into a bag. When 
one bag^is full the hopper opening is closed by gathering in the 
hand, and the bag holder is swung round»so that the empty bag 
is under the hopper, which ic then loosened hito it. The full bag 
is detached, tied up and loaded on a trolley, and an empty bag 
fixed in its place. 

When the trolley is full it is pushed on to the weigh-bridge 
and the weight recorded (the necessary arrangements for obtain¬ 
ing tare of trolley and empty bags are, of course, made); thence it 
is taken to the loading platform, on to which the bags are thrown 
ready to be loaded on to the trucks which will take them to the 
drying stoyes or {he wet nitrocellulose magazines. Each rubber 
bag'contains roughly 30 35 lbs. nitrocellulose (wet). The floors 
of the screening house are continually being cleaned free from 
spilt nitrocellulose, and at the t?nd 9 ! each shift the house is 
thoroughly hosed down. 

Working Results, Efficiency. The waste has been found by 
experiment to amount to 0.16% of the nitrocellulose (dry weight) 
received from pulping hoifse. This waste is caught in the save-all 
^and sent back to the pulping house for re-work, and cannot be 
recognized as loss. , 

Screening Capacity oj Machine. The machine screens on an 
average of 0.925 ton nitrocellulose (dry weight) an hour. To 
screen nitrocellulose required for 1000 tons R. D. B., five machines 
would have to be working most of the time., 

Drying Nitrocellulose. From the screening House the nitro- 
cotton is tjjan^ported to the drying house, where the moisture, 
down to about 1 %, is removed by means of the drying arrange¬ 
ment as developed by K. Quinan,* and patented by him in 1906. 
The apparatus is shown in section in Fi|. 277, in"detail in the 
photograph (Fig. 278), and the general arrangement of the dry 
house containing 11 dryers in Fig. 279. 'fhe principle of the 
apparatus is the drying of nitrocellulose in comparatively thin 
layers bjf the passage of hot air through the mass, the material 
being placed on a cheese-cloth in a tray as shown at o, having a 

1. E. P. 22783, 1906; abst. t. A. 1907,1, 2034, 2054, J. S. C. 1.1907, 
28 , 652; Zts. S:hiess. Spreng. 1907, 2 , 277. 
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perforated or reticulated bottom o', and this tray isiplaced within, 
an air-distributing receptacle, d, lieving a false bottom, d'. The 
tray o is closed in by a screen. r„ fitting aiMight by virjue of a 
flannel or other covering at the sides; the bottom of this screen 
consists of a finely meshed silk boUing-cloth. Hot air from a 
main e passes through a valved pipe, /, into the vessel d. ‘The 
material before removal after drying may be cooled "liy the ex¬ 
pansion of a jet of compressed air supplied through a valve pipe, 
k. Separate drying units formed as above, may be set in alcoves 

_ ^ _ / with fire-proof walls f 

I-:—^- and ojicn tops; the dry- 

-*-k ing units wifi be sup- 

,...-J plied from a jingle hot- 

I- air main. ' 

^ An amount of iiitro.- 

dl, _ • cotton containing 31% - 

r “ 32%, of water of such 

—— . .—I,. - ,- . ..-I weight that, when dry, 

^ the weight will be 220 

I ^ r I '— L . 1 III -1 1%', moisture with cold 

' iQl21 airat()7° (i.S°F. forone 

- - ^ • hour. That is, the en- 

„ ,, tire operation of loading 

• Fig 2/7. —Quinan Niirocotton Drvkk ” 

the Quman dryer, dry- 

• ing and removing the charge, consutpes (iO minutes, of which 45 
minutes constitutes 4he actual drying period. Three mimrtes is 

’ required to load the dryer, and after the water has^ieen expelled, 

! the dry nitretpotton is allowed to cool from 10-12 minutes before 
removal. * 

■ Description of Plant. There are 41 drying houses, or “stoves,” 

, as they are commonly fiiiscalled, each spaced 200 feet apart for 

||^ A unit consists of two stoves supplied with hot and cold air 
^rom one hot air apparatus house, 'fhere are therefdte 20'/j 


-Quinan Niirocotton Drvkr 


^ units. 

Each drying house is divided into a wet'porch at one end, 
then the drying room and weighing room, and dry perch at the 
Other end. The wet nitrocellulose thus enters by a 2'track atone 
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«nd, and leaveS, after being dried, by another 2' track at the other 
end. . ' ( 

The* drying houses are built in rows of ten, with the wet 
porches of one row facing the wet porches'of. another row. Thus 
one 2' gauge main line ^rveS two rows of houses. The same with 
the main tracks for the dry nitrocellulose. 

The drying room of each house contains 1.5 round tinned 
sheet-iron drying pans 4' diam. 10' deep, open at the top and 
closed at the bottom, except for a 4' air inlet pipe. A removable 
air-distributing plate is first put in the pan, consisting of a dia¬ 
phragm pynched with diam. holes, centers. This 

diaphragm has a fplt binding around its edges and another piece 
of ft^t is attached to the top edge of the pan. This precaution 
is necessary to avoid possibility of dangerous friction. Above 
the distributing plate is a removable circular tray or basket 4' 
diameter and 4" deep, having a copper •gauze bottom. 

The pans are all placed along one side of the drying room and 
separated from one another by a 4‘/2' brick partition 8' 6' high 
and extending a distance of 0' into the room. • 

The hot or cold air is turned on by means of cords projecting 
•through holes in the brick^wall of the building, and operating the 
air valves outside the building. ^ <- 

A drying house as a whole is 120' long (over-all); 15' broad 
(internal); 12' 0" high to ceiling, and is divided as follows: 

Wet porch. 9' X 16' 

^ Drying chamber..• 102'_X 15' 

* Weighing room. * Ih' square 

Dry perch. 15i X 8' 8' 

f 

Apparatus 'House. This is a brick building, 24' x 16', sit¬ 
uated between each pair of stoves, which lit supplies’ with both 
hot and cold air for drying and cooling, respectively. 

Hot Air Supply. Air is taken through a rectangular opening 
placed high up in the eastern wall, and fitted with louvres-to pre¬ 
vent the ingress of rain. Six feet west is the inlet of the Sturte- 
vant heater, into which pass 150 cubic feet of cold air per second 
during normal running. 

The heater is a rectangulkr box of sheet-iron about 13' long 
X 4' wide x b' high. 'The air first passes over a set of 16 steam 
coils, each coil consiking of a seijes'of inverted U’s, alternate 
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coils being staggered, and all containing steam at 80-100 lbs., 
pressure—suital^e control valves, gauge and traps being, of course, 
fitted. The air thus heated then passes through a filter at the 
exhaust end of the heater, the door for the removal of this filter 
also serving for the dontrol of the temperature of the air supply, 
cold air being admitted as required. This liltcr consists of a ^feries 
of wooden frames, covered with fine cotton bunting,’ which are 
set zigzag across the heater (concertina fashion) so as to give a 
very large filtration area, and is fine enough to stop not only 
dust, but also acid mist, which frequently contaminates the 
atmosphere. The filters have, therefore, to be regularly taken 
out and washed with alkaline solution. * 

From the filter the air passes to a Sturtevant fsii, wit^ an 
impeller about 2' in diam. x 1' wide, which delivers the air through 
a 28' pipe, in which the temperature is noted, to the 20" mains 
running from the back of the Ifiouses to the stoves. This fan is 
belt-driven at 1000 r. p. m. by a 15 h. p. squirrel cage motor. 

Cold Air Supply. This is similar to the hot air supply, except, 
of course, the heater, is omitted and the whole is smaller, as only 
a little cold air is required. The cold air Sturtevant fan hds an 
impeller 1' in diam. and 0' wide, and delivers the air through the. 
back w^l to the cold ajr supply mains. The fan is belt-driven 
at 2000 r. p. m. by a Vjt h. p. irfotor. 

Drainage and Save-all. The floor of a stove slopes slightly 
from the side the pans are situated on, and terminates in a gutter 
running along the opposite wall. .The outlet of this gutter is 
just inside the dryii% chamber near the wet porch and conSsts of 
a 4' earthenward pipe which protrudes on the out^de jnto a small 
sump. On this pipe a flannel bag is fixed, and is frequently 
changed, the waste b^ing transferred to rubber bags which art 
periodically collected by a tractor-drawn truck and taken to the 
pulping bouse. The outlet from the sump leads into an uncovered 
dr^. These branch drains all run in front of the wet ends of 
the stoves, and join a main drain which cuts across the area north 
and south. All sumps are asphalted, and-the smaller drains are 
wooden asphalt-lined boxes along which the waste nitrocellulose 
passes easily. The main drain of asphalted brickwork leads into 
a central save-all. Asphalting is essential to prevent algae growth 
on the drains in summer, which later finds its way into the save- 



I 


2226 ' TeCHNQLOGY OP CELLULOSE ESTERS 

.all and gives fhe recovered nitrocellulose an tmworkably high ash 
content. < , 

I'hf save-all is situated on the south side of area. This is a 
brick-built structure, and divided into iwo troughs, which arc 
concrete-lined, either of which may be shut fiff for cleaning. The 
watO" containing nitrocellulose in suspension comes in at one end 
of the trough; the nitrocellulose settles in the trough, and water 
passes on over a weir at the far end of the trough. 

The dimensions of the trough are; 79' long, 10' broad, 3' 0" 
deep sloping to 1' deep at the outlet end. Between the two 
troughs is a 2' railway connected with the south dry track, 'flic 
whole of the save-all is covered with a wooden*roof. 

A maisi steam line runs down the center dry track, and from 
thi'branch lines lead to the apparatus houses of, all the rows. 
A reserve line runs down the south side of the area, and is used 
in case of emergency, 'fhe ste^m i;i at boiler pressure, about 
14.') lbs. per sep in. up to a reducing valve on the branch line, after 
which it enters the apparatus house at not more than 100 lbs. 
per s(|. in. 'fhe dimensions of the steam lines are as follows; 

• The main down center track. fi" tapering to 4" 

Itranch lines. S’ tapering to 2,'4'' 

. Reserve line. ...^_.'. . . . 4" all the way 

Rach stove derives its supply frqtn six 1 '* taps. *■ 

Bag Examination, Riwm, where all empty paste bags from 
Cordite Area are carefully overhauled, is situated at the extreme 
west end of the nitroglycerol area on the dividing line between 
the lytroglyeerol section anfi drying sectibji. .'fhe building is 
brick with aspjjalt floor, which is kept as a clean area. On one 
side there fe a loading platform, along the side of which the paste 
wagons arrive''on standard gauge dry track with empty bags. 
On the opposite side is a narrow-gauge traSk wherej.he dry trucks 
arrive for supplies of empty bags for ths stoves. The building 
is provided with two small save-alls to catch the waste. 

Sewing Room is a small building of wood, having asphalt floor 
which is,kept as a clean area. In this room all sewing repairs 
are done, 'fhe w’ork is mainly comprized of the following items; 

Making and repairing of muslin sheets. 

Making and repairing of grit screens. 

, Repairing of rubber bags. 

Screen Cleaning' Rootn is a small brick building where the 
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air filter screens from the apparatus houses arc washed and re¬ 
paired. There is a motor-drivan vacuum cleaning installation 
for use when the only cleaning sequired is the removal o| dust. 

Method of Operation of Drying Surm. On arrival at the 
stove, the bags of ^et nitrocellulo*.' are placed in a space pro¬ 
vided for that purpose in the drying cfiambcr. The bags are 
then opened—^the weight adjusted so that approximately 23 lbs. 
(dry weight) are contained in each bag. This weight is varied 
in each stove by a few pounds on either side, as no two stoves 
have exactly the same air supply. As the nitrocellulose contains 

about 32% moisture, the total load is about 33 lbs. per pan. 

• • 

A muslin cloth of “Red Cross Calico,” or ^iieese-eloth, about 

six feet square, is next thrown over the drying bajfcet, ai^ on 
this the nitrocellulose is carefully spread. When an even surface 
is obtained a silk grit screen, supported on a circular wood frame 
which just fits inside the«baskct, is gently pressed into position 
on the top. 'fliis avoids the nitrocellulose being blown about. 
The hot air blast is then turned on. 

The drying is tarried out at a temperature of (>,5° C.=‘=3°, 
controlled from the apparatus house. Kach pan takes five cubic 
feet of air per second. , 

The operatives theft pass oy t(j the next pan. 

When dry the hot air is shut off, and the cold air turned rm 
and allowed to nin for nine minutes to cool the nitrocellulose 
before handling. After shutting off the cold air the nitrocellulose 
is removed and packed through a*hopper under which h^s pre¬ 
viously been tiejJ an empty paste bag. • 

The bag is then carried to the weighing roonyanS the weight 
adjusted against a lead counterpoise, which weighs 33 lbs. 1.') nf. 
The tare of a bag is approximately 2 lbs. I.a oz., giving a net 
weight of dry nitrocellfdose of 31.0 lbs. 

The bag is securely tied, wiped down and set aside either 
on the ledge or in a truck for despatch to the nitroglycerol section. 
The work in the drying chamber is carried on in cytlcs. ITie 
pans are loaded and unloaded in regular sequence from 1 to l,i. 
The air supply in a stove has been,adjusted*so that each pan re¬ 
ceives the same quantity of air. The load is so fitted that the 
time of, drying and the time of cooling, plus three minutes to 
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flnload and relbad, is one hour. This is normal factory operation. 

The 15 pans are unloaded* and loaded in 4.j minutes, i. e., 
three minutes to each pan. ' 

Each hour, therefore, the operatives have 15 minutes in which 
to clean down and hav^ a shSrt rest. 

A reeofd is kept of time of drying and time of cooling of 
each pan. 

The cycle frequently lengthens for various reasons, such as 
increased percentage of moisture in the nitrocellulose and fall of 
temperature due to reduction of steam pressure or high winds; 
but, gener^ly speaking, it is readily maintained. 

Working Rest4ts of the ('>uinan Drying Houses. The average 
outpjit for U stove per day is about 3.4 tons dry nitrocellulose of 
1% moisture, but this varies slightly with the weather condi¬ 
tions. 

The consumption of steam in the heaters of the apparatus 
houses is 2.433 lbs. per lb. of dry nitrocellulose produced. In 
addition to this, the steam consumption due to losses on the main 
amounts to 41-41.() lbs. per hour. The waste nitrocellulose, 
which is sent to the pulping house for re-work, amounts to about 
•1.5% of the dry nitrocellulose'produced. The total loss of nitro¬ 
cellulose on the area is not over 0.2%, owing to the efiRciency 
of the save-all arrangements. 

' Cleaning Out Waste Nitrocellulose from Save-all. One trough 
is cleaned at a time by decanting off the water with a suitable 
skimming arrangement, and* digging out the deposited waste 
nitrocellulose by help of a bucket and small hand-crane. The 
dirty nitroeellulose from the save-all is sent in'small tank cars 
for re-treatment at the pulping house. • 

Bag Examination Room. The empty, paste bags arrive at 
the unloading platform in paste wagons. »They are unloaded by 
help of wooden hand-trays and carried into the room. Each bag 
is checked against a counterpoise weighing 2 lbs. 15 ozs. Bags 
which wiy not pass this test are shaken out to get rid of any paste 
they may contain. All bags are carefully examined as to sound¬ 
ness, etc., and are wiped down on the outside with a wet sponge. 
They are made up in bundled of ten, and to each ten a label is 
tied, on which is the name of the operative who examined the 
bags and the name of the chargejroman who checks the weight 



NITRATION OF CBLLULOSB 


2229 


of each bundle, both as it arrives and is given out. * 
By this me^s careless worR is easily detected. A bag is 
worn out and will leak paste wlten a brown ring appean around 
the bottom of the bag. Rejects arc set aside and washed free 
from explosives, and’are sent for repSir or Jto the burning ground, 
according to the degree of damage. ^ * 

Wet Nitrocellulose Magazines. (Jeneral Oulliitc. Three in 
number, situated to the north of the screening house, and about 
70 yards away. The object of these magazines is to carry a 
stock of wet nitrocellulose which will ensure a constant supply 
to the drying stoves even in the case of a serious breakdown in 
the manufacturing plants. ^ 

Description of Plant. The magazines are brick buih, and jjave 
an asphalt fleer; each is 1 oO' long and 4;')' broad. The space be¬ 
tween each is 33'. They run lengthways north and south, with 
the only entrance at the south end. The floors are kept as clean 
areas, and are divided into twelve sections, marked off in white 
lines. The dimensions of one section arc 22'I'/i’X H)'11”, and 
the capacity is a little over IDOO bags, stacked nine high. Steam 
heating is laid on to prevent the nitrocellulose from freeziflg in 
winter. 

Method of Operationt 'I'he stock of nitrocellulose is usually 
kept at the maximum capacity of the magazines, viz., about 
300 tons (dry weight), and this is turned over at the rate of 900 
bags or T'/r tons a day, which means that the whole is turned 
over in six weeks, thus preventiag the nitrocellulose getting 
mouldy * 

TransportatiSn of Wet and Dry Nitrocelluloset Trucking. 
From the loading platform at screening house a two-foot gauge 
railway leads to all the drying .stoves and the wet magazines? 
'The trucks used are tijb-shaped, the internal dimensions being 
8' long, 4' I’/j' wide, 3' IOV 2 ' high, and hold 30 bags of nitro¬ 
cellulose. 'They are fitted with roller-bearings to provide easy 
running. Small fireless locos are provided for hauling the trucks. 

Fireless Locomotives. The lagged boilers of the “locos” are 
charged with steam as 12.5 lbs. pressure in a shed close to the 
screening house loading platform. •'The steam for charging is 
taken off a steam main coming from the boiler plant. * 

Steam Consumption. Roughly 280 lbs. 'per 24 trucks of 30 
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.bags each, tlje average haul of the loaded tnicks being about 
1400 feet. This works out to 42.5 lbs. of steam per ton of wet 
nitrocellulose trucked, figured on the dry weight of the nitro¬ 
cellulose. , 

Trucking. Varying number of tnicks, generally from three 
to sk;: are taken from the screening house on one journey, which 
on arriving' at the stoves are uncoupled at the side track leading 
to those requiring nitrocellulose. Men are on hand at the stoves 
to take charge of the trucks as they are uncoupled, and push them 
into the stove and unload them. 

Empty bags which the men have collected while waiting for 
the train 'are taken back to the screening h<,nse on the return 
journey. .Clean drea boxes are placed at intervals along the track, 
int(? which these bags are placed until the train picks them up. 

The distribution of wet nitrocellulose among the stoves is 
regulated by the checker, who is also weighing nitrocellulose in 
the screefling house, who is guided by the mealtime and end of 
shift reports of stock sent in from the stoves. 

Dry I'mcking System. As the maxinjum amount <(f dry 
nitrcccllulosc allowable m any one stove is 13 bags (approximately 
500 lbs.) and each stove caji, under favorable conditions, dry 
this amount in one and a half hours, this is the greatest permis¬ 
sible interval between removals of dry cotton. The nitroccllu- 
Ipse is removed by a h. p. electric tractor, which pulls the 
tnicks in trains, which must, however, not exceed four trucks. 
The stoves served by one tractor in any one row on one line are, 
therefore, kept below eight hi number, and the procedure is as 
follows: A tr(.ck is put into the dry porch of each stove, and the 
girls in the stove load this as their work proceeds. At a certain 
definite time (as laid down for their guidance in a carefully drawn- 
up time-table) two girls with the tractor start at llic most distant 
stove of the row, and pick up trucks from every alternate stove, 
remove these to the exchange at the entrance of the nitroglycerol 
area, and return with trucks (either empty or once per shift nor¬ 
mally, containing empty paste bags), which thgy place in the 
previously emptied stoves. Three-quarters of an hour after they 
»’ started at the farthest stove they start at the next one and repeat 
th* process thus emptying every stove not previously visited, 
and completing the cycle in approjfimately an hour and a half. 
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the stoves thus never exceeding their limit of dry nitrocelhjJese. 
During the i^ealtime one girl torries on the work witlujw any 
great difficulty, the amount oh manual lafior being so siifht owing 
to tlie use of the tract*; though, on account of the limit on the 
number of trucks *per train, eight %tovcs is the normal maximum 
per tractor. It is probable that three tractors could dAl with 
the output from the 25 stoves necessary for an output of 1000 
tons R. D. B. cordite. , 

The tractors are run by 100 120 volt accumulators of the 
iron-clad pattern, which require recharging about once every 24 
hours, when the tractors are being used for eight stoves as described 
above—unless very carefully handled, when they will run for a 
few hours longer, their capacity being 120 amp. houfs. T]jey arc 
refilled wilt newly charged spare accumulators so as not to delay 
the work, and the exhausted ones rccliarged in a converter sta¬ 
tion on the area, which.is fitted with two duplicate 0.0 kilowatt 
converter sets, and the necessary electrical apparatus to deal witl 
five tractors as two others are in use, one lor trucking in the 
iiitroglycerol area and the other for the collection of waste. . Two 
types of dry trucks are in use, both of the roofed pattern, the sides 
being closed with tar])aulins secured with ropes. One type.is 
7' 3",Jong, 3' 4" wide,x 0' 3" high. *Thc more satisfactory type 
is 0' long X 3'wide x ,5' lltgli. These latter arc not so much 
alTecled by high winds so frequimtly in evidence. All arc fitted 
with spring buffers to minimize the danger due to shocks, and 
fitted with roller bfarings to provide easy running. 

The pulped, iftrecned and dried nitrocellulose is thefi in con¬ 
dition for inedrporation with iiitroglycerol anS mjjieral jelly for 
the manufecture of cordite, details of the variiRis steps from this 
point being a separate topic under the general topic “Cordite,” 
in Volume VII of tj)is scries. The various steps in the entire 
process as carried out at Gretna are shown in Fig. 280 from the 
original cotton bale to the colloiding of the finished product for 
fabrication into cordite. 

Labor Requirements. For an output of 2.50 l8ng tons of 
nitrocellulose per 6-day week, the following are the labor require¬ 
ments: ' 

Cotton preparation department, 54 women. Nitrating house, 
4 men, 240 women. Boiling house, 108 ^omen. Pulping house, 



• » 

2234 TBCHNOLOOV OP CBLLUtOSS BSTBRS 

6 in*^. 183 women, making a total of 10 men and 585 women. 

la^e cotton waste preparation, three units arg run, requir¬ 
ing a genesal foreman, 2 chargewomen and 25 process workers; 
the latter being subdivided into 3 for baltf breaking, 2 teasing, 
13 drying, weighing and bin-ntnning, 2 cooling, 1 cleaning and 
re-workSig, an^ 1 mechanic. In addition, 3 process workers on 
the day shift are required, carting bales from the bale store to 
bale breakers. , 

In the displacement nitration, 1 foreman, 1 chargewoman, 1 
forewoman, 6 chargewomen and 74 process workers constitute 
the force. This is divided into 35 for dipping cotton waste, 14 
unloading nitrocotton, 7 displacing, 7 trucking cotton waste, (i 
trucking nitrorxitton, 3 cleaning, and 2 plumbing. Each shift 
is under a working chargewoman. In dipping, a gang consists of 
5 process workers, each one of whom runs up acid in turn. The 
five thus turn out 20 sets of nitrations per, 7 hours. 

In the boiling of the nitrocellulose, there is required 1 each, 
foreman and forewoman, 2 chargewomen, 4 for boiling and 30 
process workers, the latter being subdivided into 7 charging, 20 
discharging and 3 cleaning. The labor in this section is divided 
into two separate gangs, charging and discharging, each under 
its own supervisor, and distinguished by colo’^ed armlets. 

In the pulping, poaching and wringing sections, one each, fore¬ 
man,dorewoman and chargeman, with one male process worker, 56 
female process workers and 5 chargewomen, constitute the force. 
The 56 are divided into: 4 each.bucket running and poaching, 5 
grit separation, 8 wringing, 6 recovery, 3 truckilig and weighing, 
and 2 mechMigs. ' ' 

Acids. The nfixed acid is supplied in blends of loO* 180 tons 
of a'definite composition. The spent acid is, issued in consign¬ 
ments of up to 150 tons, after passing througji a continuous sam¬ 
pler, One sample is taken for each consignment, and the com¬ 
position of the sample is taken as the composition of the con¬ 
signment. A routine sample is taken on each shift of the drain 
waters leaving the buildings. On this sample the specific gravity, 
percentage of sulfuric acid and nitric acid are determined. 

Boiling. The maiA ‘supply 'water should be titrated daily, 
and the amounbof sodium bicarbonate necessary to bring the total 
alkalinity to approximately 14 par^ per 100,000 calcium car- 
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bonate, is calculated and added to the mixing tank. In th/: vat 
house sample^ of the water in ftse are taken hourly from a con¬ 
tinuous sampling device, and titrated for total alkalinity. A’ 
sample of the liquor is taken after each boil and titrated for total 
acidity. After the second to the fourth boils samples are taken 
and their reaction tested with methyl orange, .^fter tflc fifth 
boil the sample is tested with a solution of potassium iodate, 
potassium iodide and starch. , 

Nitrocoiton Tests. A routine sample is daily taken from the 
vats which have finished process during the previous 24 hours, 
for the heat test^ A routine sample is also taken fronj the beaters, 
and sent forward for fineness and alkalinity by each shift. A 
routine sample is withdrawn from the poachers, and the fiieness, 
alkalinity and heat test determined. Individual samples are with¬ 
drawn from each finished pojicher, before pumping to the blend¬ 
ing tanks. After 30 mitf. agitation the blend sample is taken and 
forwarded to the laboratory for complete analysis. The indi¬ 
vidual samples are retained on the plant until the blend analysis 
has been completed. If the blend is within specification the-indi- 
vidual poacher samples are mixed. For the purpose of issue, 
each blend is kept separate. A sample is taken from each sixth 
bag from the wringers^d puUnto a sealed box. When the blend 
is complete these samples are well mixed and duplicate samples 
taken, one determined for moisture and the other retaineif for 
possible reference. To check this result’every 20 minutes a sam¬ 
ple is withdrawn fjKjm two or thite bags of screened nitrocotton, 
mixed in a rubber\)ag, and the moisture detempned. 

Efficieticies. The consumption of cotton waiSe»is approx- 
* imately 0.67 ton gross per ton nitrocellulose produced, giving a 
yield of 161.5% nef, of 12.15% nitrogen. The consumption of 
sulfuric acid and nitrft: acid to produce a nitrocotton of the above 
nitrogen content is 0.13 ton and 0.65 ton, respectively, per ton 
of nitrocotton produced. 

Water, Steam, Power. The water consumption* is approx¬ 
imately 165 tons per ton nitrocellulose produced, of which quan¬ 
tity 76 tons are used in stabilization by .boiling, and 60 tons in 
beating and poaching. The steam consumption ij 18 tons, and 
the power consumption 620 kilowatt hours, respectively, per ton 
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of • nitrocotton tproduced, but subject to* slight variation. 

Specifications for Nitrocellulote. The specifications for nitro¬ 
cellulose produced abbve are as follows; 

1. The nitrocellulose must be free from unfcnverted cotton and free 
from all matter not permitted by th* specification. ' 

The nitrocellulose must*be free from grit and should contain no other 
mineral matter than naturally present in cotton or taken up from the wash 
water and such as may unavoidably have been taken up from the machinery 
employed in the manufacture, • 

2. The total amount of mineral matter contained in the nitrocellulose 
is not to exceed 1 %. 

3. The percentage of nitrogen is to be calculated on the nitrocellulose 
tree from mineral matter and is not to be less than 12 ^ % nor more than 
12.3%. 

4. »The niftocellulose to be at least 95% soluble in a mixture of 2 parts 
by volume of ether, sp. gr. 0.72, and 1 part of not denatured,plcohol, 92% 
by weight. 

.5. The nitrocellulose when subjected* to the Will test should disengage 
from 2..5 gm. not more than 6 mgra, of nitrogen m 4 hours. 

6. The total sulfate present, caleulated as HjSO< on the dry nitrocellu¬ 
lose, must not be more than 0.1%. 

Z. The nitrocellulose must contain from 0.2% to»0.4% of calcium car¬ 
bonate, Calculated on the dry tnaterial. 

• Gretna Nitrocotton Manufdtture Flow Sheet. The following 
results expressed in per cents and long tons (22-40 lbs.), show 
graphically the detailed costs and‘'yields in the various steps of 
manufacture, purification and rejuvenation, as carried out at H. 
M. Explosives Plant, Gretna, for a consecutive five weeks' period 
during the summer of 1018, af.l nitrogen acifls being shown as 
HNOj. * ' ' 

* I 

The tqtaf nitrocotton made was 1043.18 tons, requiring cot¬ 
ton waste, 710.gross tons, or 6.51.,IS net tons, and 2(5028.2 tons 
mixed nitrating acid containing: sulfuric •acid, 13004.5 tons 
(62.14%); nitric acid, 4915.4 tons (23.01%), and water, 3109.3 
tons (14.85%); total acid 20928.2 tons (100%). 

The .spent acid recovered was 21011.7 tons, divided as fol¬ 
lows : , 

1. Spent acid to be revivified. Sulfuric, 7344.5 tons 
(61.06%); nitric, 236(i.3 ton^ (19.37%); water, 2317.9 tons 
(19.27%); tot|l 12028.7 tons (100%). 

2. Spent acid to be distilled. Sulfuric, 5493.6 tons (61.15%); 
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nitric, 1773.0 (19.74^^); water, 171G.4 tons (19.1 total 80.93,0 
tons (100%).^ 

3. Total spent acid. SuMuric, 1283.4.1 tons ((il.KJ'*;); nitric, 
4139.3 tons (19.70%); water, 4034.3 tons (19.20/(.); total, 21011.7 
tons (100%). 

The total nitric acid consumed was'737.S tons,^accoufttcd for 
by 676.1 tons consumed in nitration, to which is added a 3.18'^ 
loss on 1773.0 tons HNO., in the spept acid to be distilled, or 61.7 
tons, giving a total of 737.8 tons. 

The sodium nitrate used was 10.86.0 tons crude, c(iual to 

1042.5 tons NaNOs, of which there were charged into the retorts 
(sufficient to pfoduee 737.8 tons HNd.i) 986.4 tons; to which 
amount is to be added loss in nitration (dilTercnce between jjulfuric 
in mixed apd spent acids) 166.4 tons; then add l.O')'.; loss in con¬ 
centration of .5453.5 tons weak sulfuric from stills, or .57.3 tons; 
then add 1.05% loss in concentration of 142.6 tons weak acid 
from oleum plant; then add 0.738J. loss at stills on .549ii.6 tons 
used to distil weak nitric acid, or 40.1 tons; thus giving a total 
consumption of 1251.7 tons. The SO;, consumed was 1021..^ tons. 

The sulfur consumed in the Grillo plant was 446.4 tons. 
The sulfur charged in the Grillo was 832.25 tons (96.18%), which 
produced 1904.8 tons.SO.,, or a 9.5.i',(, efficiency. Therefore, 1 
ton SOs required 0.4369 ton‘crude sulfur, and 1021.8 tons SO,, 
required 446.4 tons crude sulfur as above slated. • 

In calculating the acid to be distilled, the nilrocottoii spent 
acid amounted to f^983.0 tons. There were charged into the stills 

9127.6 tons spent acid of composition, H2Sf),,“W)W’.3 tons 

(61.15%); 1801.5 tons (19.73';0, of winch were recovered 

of the above two acids, ,5.540.4 and 1738.8 tons,*respectively; the 
loss, therefore, was .sulfuric, 40.9 tons (0.7.5/'„); nitric, 62.7 l#>ns 
(3.48%). 

The nitrocellulose spent acids to be distilled (8983.0 tons) 
comprized sulfuric, 5493.6 tons (01.15%); nitric, 1773.0 tons 
(19.74%). The sulfuric to be delivered to the concentrators was: 
from the nitrocotton spent acid, 5493.6 tons; less loss (0.73%), 
40.1 tons, or 5453.5 tons. 

The calculations involved in'the aciH'to be led to the con¬ 
centrators as sulfuric, totaled 5596.1 tons; and te be delivered 
from the concentrators as HjSO», 5.537.3 tons. The Gaillard 
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towers working during the period required for diarging 9441.4 tons 
(76.94% HjS 04 ), from which were recovered 7729.(jtons (92.99% 
HsS 04 ), a*loss of 76.7 tons sulfuric acid. The sulfuric lost, there¬ 
fore, was 1.05%. .The loss in weak acid friwn the stills was 5453.5 
tons; prpportion of weak acid‘ex oleum plant,' 142.6 tons; total, 
5596.1 tons. .From this is subtracted the loss of 1.05%, or 58.8 
tons recovered from the concentrators, giving a total of 5537.3 
tons. , 

Taking the above figures, and calculating them on the basis 
of requirements for the production of one ton of nitrocotton, we- 
have: cotton waste used, gross tons, 0.081, or net tons, 0.624, 
requiring 20.002 tons of mixed acid, of the composition sulfuric, 
02.14% (12.400 tons); nitric, 23.01% (4.()10 tons); and water, 
14.85% (2.9S0 tons); total, 20.002 tons (100%). , 

The spent acid was 20.142 tons, of which 11..531 tons were to 
be re-fortiOgd. This was composeci of,sulfuric, 01 . 00 % (7.041 
tons); nitric, 19.07% (2.208 tons); and water, 19.27% (2.222 
tons); total, 100% (11.551 tons). There was also to be distilled, 
8.611. tons, composed of sulfuric, 01.1.5('() (.5 200 tons); nitric, 
19.74% (1.700 tons); and water, 19.11% (1.045 tons). There 
was thus consumed in nitration, 0.618 ton, to which is added 
0.0.59 ton loss at stills, giving a total of (1.707 ton. l.()4j^ tons 
of sodium nitrate were employed, eliuivalent to 0.999 ton NaNOj. 
The* sulfuric consumed at the retorts figured 0.940 ton; loss in 
nitration, 0.159 ton; loss at stills, 0.039 ton; loss in concentra¬ 
tion, 0.056 ton. Total, 1.2 tops. The SOj cpnsumed was 0.979 
ton, anSfuieSulfur, 0.428 ton. • 

The n^trocotW spent acids formed was 8.0111 tons. The 
acid to be fed td the concentrators as H 2 SO 4 , 5.304 tons; while 
th4 acid to be delivered from as H2SO4, was 5-308 tons.- 

Guncoiton Manufacture at (''ueen's Ferry Plant. The manu¬ 
facture of nitrocellulose at the Queen’s Ferry plant differs in one 
very important particular from the nitrocotton produced at 
Gretna, as previously described. Whereas at Gretna a so-called 
pyrocollodion nitrocellulose is produced of nitrogen content around 
12.2%, and a solubility of around 95% in ether-alcohol, at Queen’s 
Ferry a straight guncotton is manufactured of nitrogen content 
of 13.0%-13.1<5%, and an ether-alcohol solubility of but 6 %- 8 %. 
The following details of manufacture, therefore, where they differ 
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from the prescribed Gretna practice, arc for the* production of 
this high nitrogen per cent, nftrocellulo^se, which is colloided 
with acetone for the productibn of smokeless powders of the 
cordite type, which^ require nitroglyccrol in conjunction with the 
cellulose nitrate. The details of this process to be described, may 
be taken as fairly illustrative of the most advanced methods of 
high nitrogen cotton nitration as practiced in Great Britain at 
the present time. • 

The preparation of the cotton suitable for nitration from the 
cTude cotton waste is conducted along the same general prin¬ 
ciples as followed^ at Gretna, and as previously outlyied (see p. 
2188), variations in treatment being primarilij along mechanical 
lines. The cotton after passing the requisite test# for afipro- 
priateness f*r esterification, is allowed to stand at least four 
hours (preferably six hours) after the final drying process, in 
order to permit of the cotton regaining ordinary room temperature, 
but during this time protected from the atmosphere in order to 
guard against the absorption of atmospheric moisture. The plant 
was originally laid out for a production of 100 long tons of gun¬ 
cotton per ()-day week. The purified warm cotton is transferred 
to air-tight tins, stacked several high ,owing to limited accom* 
modatiqn of the cooling room, this work, as well as the major 
portion of the work at this plant, being performed by girls. 

The nitrating plant consists of 11 rows of 13 sets of 4 Thdhi- 
son displacement stoneware pans, 3' .S'// p" diam. x 11'- 
ll'/j*’ deep (at the »circumference)t each set of four pans^ being 
served with acid from an iron main through an^l'/j "InTercock; 
the displaced (spent) acid being nm off to the strong n jveak acid 
main through Vr*' 3-way cocks and a lead siphon*tube. To pre¬ 
serve the desired rate of flow, it has been found necessary fo 
throttle the acid back with a gla,ss tube !)..5 mm. diam. and I'/j" 
long, this giving a total displacement in about three hours. In 
the sight glass (1' diam.) is a float bobbin which sinks in liquid of 
less than 1.2 sp. gr., while the level of the acid in the jight glass 
to be maintained during the displacement is marked by a painted 
line or rubber band. 

Water distributors of the ordinary t*ype are used, rubber 
tubing and aluminium troughs being employed to diitct the water 
on to the pans, although the former are more serviceable, enabling 
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he overflow of 'the pans during displacement to be stopped, thus 
ending to keep the floor more oi«less dry. , 

Draught is obtained by means of 8 sirocco fans, arranged in 
four batches of 2, one for use and one for SJjare. Each pair serves 
one quarter of the nitrating ttouse, the fans being direct coupled 
to T.J^h. p. motors, at .570 r. p. m. On the assumption that ten 
out of the eleven rows are continually in working order, with a 
pan cycle of 7 hours, 20 Ityi. of cotton per pan, and a yield of 
guncotton of 1.05, on a 24-hour working day, the weekly capac¬ 
ity of the nitrating plant would be 25!) tons of guncotton. 

The acid storage tanks arc dipped (tested as to capacity) each 
morning, and also during the day before and affer pumping from 
or infc) a taifk, the mixed acid u.sed and the spent acids produced 
being thus ascertained. The acid is run into a set pf pans, one 
set ahead of the cotton dipping operatives, the level of the acid 
in the nitrating pan determined by means of an aluminium gauge 
about 5" long on the side of the pan, the temperature of the in¬ 
coming acid regulated, and the fume hoods put in place. 

•Each shift of dippers has a row and a half allotted to it, and 
when the dipping of 20 sets of pans has been accomplished, the 
work is said to constitute a da'y, and the workers are allowed to 
leave the building. A small curved aluminium or iron ,tray is 
hung from the front of the pan to'prcvcnt the cotton waste from 
beilig spilled on the floor, aluminium pokers being used for laying 
the sector plates on the'nitrated cotton in the displacement pan, 
and to poke the projecting pjeces of cotton,under the nitrating 
acid. *l‘he^ipping forks arc of aluminium he£ffl, with four prongs 
and a stcql sJiaft. The workers stop the acid frofn running along 
the handle to tile hands by means of a piece of cotUn waste oi 
rubber disc fastened on to the handle. , 

The guncotton from one row of pans (13 sets, or approx 
imately one ton of nitrocellulose) is loaded into one vat. For i 
weekly output of 100 tons, there is required C rows of pans, whicl 
necessitates the filling of 4 vats at the same time. 

Wlien the series of nitration was commenced, the nitratini 
mixture comprized 71% sulfuric acid, 21.5% nitric acid, and 7.5^ 
water. When the m'ahufacturing process had been placed on i 
permanent normal basis, the mixed acid composition was main 
tained at: sulfuric acid, G9.5%-70.5%; nitric acid, 20.8%-21.3% 
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and water,"plus nitrous acid, 8.5%-9.5%. This gave a nitrogen 
of 13%-13.15% in the nitrocotton produced and afl ether-alcohol 
solubility of 6%r8%. A rise in Solubility,to 12% was observed 
when attempts to economize acid were made, the ratio total of 
mixed acid used tq cotton being 32“33..'), assuming the cotton 
to contain 0.5% moisture. On increasing this ratio to 34 3.'), 
the solubility dropped to 7%. The bottom plates of a pan dis¬ 
place about 134 lbs. mixed acid of the composition as above 
stated. Other acid unavailable for »itration is O.S lbs. in the 
lead pipes, and 38.2 lbs. below the bottom plates, a total of 48 
lbs. The total mixed acid per pan for a ratio of 1 34,,') charge 
of 20 lbs. cotton w,as 897 lbs., less 48 lbs. as above, or j net avail¬ 
able amount of 849 lbs. thus giving a ratio yf available mixed 
acid to cotton of 1-32.0.5. The ratio of total mixed arid to cotton 
of 34, gives * ratio available of mixed acid to cotton of 32.15. A 
20-lb. charge was used for tlif production of guncotton, and a 
27.25-lb. charge of cotton for a nitrocellulose of solubility similar 
to that previously described as produced by the similar process at 
Gretna. 

After the nitration process has been completed, the acid is 
displaced by means of cold water, the acid nm to strong spent 
acid for 2 hours 20 minutes, and this giyes a percentage of strong 
spent a«id of the total spent acid of 75'/{r 78'/J. 'I'he time of 
nitration was 2'li hours. Average analyses of products over a 
fortnight period were: * 

H,SO, UNO,' UNO. Hit) 

Strong spent acid ... 71 B4% J7 5')',,', 0 4il',o 10 2K‘,' 

Weak spent acid ... (si 17 27% 0 4271, 

« » 
the proportion of mixed acid used being about al-i to 1 of 

cotton waste. The acid is turned to drain at al’otit 1.2 sp. gr, 
as shown by the fall in the float. 

In the vat boiling room the vats arc 9' (i" diam. at top, 10' 
at bottom, and 7' 2 V 2 ' over all in height. The bottom slopes 
from 6' IVs” deep to fi' deep, with a false bottom 2' thick 
on bearers 3’ x 4'. The volume of water required fo[ displace¬ 
ment is 3200 gallons, which is approximately the capacity of the 
vat. All displaced water is led away to the surface drain through 
earthenware pipes. The water is supplied from two batteries of 
3 tanks, each 21' diam. x 10' 6' deep, thence throflgh constant 
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level tanks feeding the aluminium launders in the vat ihom. Due 
to the alkalinity of the water supply used (the Halkyn water 
having an alkalinity equivalent *to 18 parts per 1^0,000), no soda 
was used’ln boiling. Otherwise, ftie vat boiling operation is con¬ 
ducted substantially as previously described., 

Pulping. At Queep’s Ferry the pulping is divided into the 
following five units: a. Pulping (beating), b. Poaching, c. 
Pressing, d. Magazines, e. Box stores. 

The pulping plant consists of 11 Bertram beaters 12' x O', 
200 r. p. m. = 1924 f. p. m. peripheral speed, roll 42" diam., 
driven by 40 h. p. alternating current motor, 440 volt, at 480 
r. p. m., an(l 12 Bentley & Jackson beaters, five,of 15' x 7' driven 
by 50 h. p., and sijven of 14' x 7' alternating current motors, at 
160-180 r. jf. m., with a 4' diam. roll = 2410 f. p. m. peripheral 
speed. Each type discharges into an aluminium laSinder under 
the stage leading to two stuff chests,,from which the pulp is pumped 
to the grit runs. * 

Grit Runs. 'I'wo scries of 4 runs ending in magnets, mag¬ 
netized by 100-volt direct current, are provided. The pulp is 
themled into the launder leading to the poacKtrs, or alternatively 
to grit tanks below, for further circulation over the grit runs. 
The capacity of the large ty^aters is 040 lbs. guncotton per charge, 
and of the smaller, :!20 lbs. guncjitton, the average cyclo of the 
two sizes of beaters being .'I'/i and 2'/2 hours, respectively, the 
chatge per beater per 144-hour week being 141 and 91 tons. 
The capacity of any beater can be materially raised if constant 
superv^ion is made as to the sflate of the shoes and jrolls, and the 
method ot*operjition. The guncotton is sfowly fed into the 
beaters by Imnd, this process occupying 30-45 min., close watch 
being kept for t{ie introduction of impurities, especiafiy splinters 
of wood. 'The charge must be kept in constant agitation with 
aluminium paddles, especially when the puTp becomes finer. 'The 
bulk of water should be kept at a minimum. 

After beating to the required fineness the 'plug in the beater 
is withdra'ym and charges from two beaters are run into a laun¬ 
der below, and led to one of two stuff chests, from which it is 
pumped over grit runs. 'These latter have blanketing laid down, 
held in position by lead straps. *1110 wells, which are placed at 
intervals dowh the run, serve to retain grit and heavy particles. 
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At the end*of the ran the pulp flows over two magnets into a box 
connected with the launder feeding the poachers. ’ At the end of 
the four grit nnis at each side (5f the building is an altmiiniuni 
box divided into two sections, from each of which the jftilp flows 
over two magnets. , ^ 

After each half-ton charge and one grit charge, the blankets 
are removed and washed in a blanket tank 2' 3' wide x 7' long x 
10" deep, having a wooden partition 2' 3' from one end and 13' 
high, on the top of which is an alumhiium plate with ’ holes. 

Poachers. The plant contains 15 of these machines, 12' wide, 
24' long and 3' 1' deep, inside measurements. 'I'hc charge is 
circulated byan impeller pump at 440 r. p. m., driven by a 2.50 
h. p. alternating current motor, 440 volts, 480»r. p. m. The run¬ 
off pipe leads to the impeller pump, and the discharging fump 
to the blender tanks. Each poacher holds with case a ton charge 
of nitrocotton, the cycle of a»poacher being: 5 washings of '/j 
hour each; 6 skimmings of ’/j hour each (15 min. settling and 15 
min. skimming); washing with chalk, ','2 hour; and filling, l '/2 
hours, a total of T’A hours, thus giving 3 poacher charges per 
day, or 45 tons capacity for the 15 poachers. After the addition 
of the chalk by straining through muslin an elutriated suspension, 
and then circulating the charge for 15»min., the contents of the 
poachert are pumped to overhcijd blending, tank feeding presses, 
by pump direct-coupled to 25 h. p. motor at 480 r. p. m. Assum¬ 
ing 4 lbs. of guncotton per cu. ft. water, the^pulpcrs have a capacity 
of 340 lbs. guncotton per charge for the smaller pulpers and .548 
lbs. for the larger, /he poacher dimensions arc 3' 1' ye^n-depth. 
2' 4" mean worlang depth, over all inside width i2', and over-all 
inside lengtji 24', giving a total working capacity of 4*20 cu. ft. 
The blending tanks are 21' diam. x 0' 6" high, capacity 22.50 qj. 
ft. The stuff chest t'or the pulper feed is 7' diam. x 0' high, 
capacity 230 cu. ft. The vacuum chambers are 0' 6' diam. x 
6' working height, capacity 200 cu. ft. 

The following thirty points in connection with the working 
of a guncotton plant are of special reference to the machinery 
installed and methods of manipulation evolved as carried out at 
Queen’s Ferry. , • 1 - 

1. Belore starting the beaters, see that the roll is lift|d clear of the 
bed plate, the latter being the stationary box of knives in the bottom of the 
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trough immediately under the roll. Otherwise tljp* beater knH’es may jam. 

2. First, run water into the beater, and as soon as it is in circulation, 
feed by hand the nitrocotton into tlje water. The cotton and water, there¬ 
fore, are^ed into the beatrt- together, uqtil the required chJrge has been put in 

3. After filling the beater with water and nitrocellulose, the roll is 
gradually lowered so that in 15-20 minutes after yie full charge has been 
put in, the^ roll is lowered jn to flie bedplate to take nearly the full load of 
the nfttor without stopping it. 

4. The pulp should be occasionally stirred with a paddle by hand to 
insure a homogeneous suspension, and to prevent settling at any point. 

5. The time required to A)mminute a charge to the desired degree of 
fineness will primarily depend upon the efficiency of the attendant, the main 
factors being making the roll cut as hard as possible, which is determined by 
the power taken and keeping up a uniform circulation. 

0. Carl should be taken to see that the valves jfre not lifted out with 
the paddle ^^hile assisting circulation, and that the roll liearings are well 
suppled with lubricant. 

7. In the manipulation of the stuff chests, care must bfe exercised that 
the agitators are not stojiped while the chests arc full of pulp, if possible, 
as the nitrocotton settles, and causes difficulty in starting. 

8. The cock on the discharge branch of the centrifugal pump chests 
arc regulated to give the desired quantity of pulp to the sand catcher chutes, 
ns power is saved by so doing. 

''P. The plug valves in the bottom of the sand catcher chutes and in the 
inlet and outlet Iwxes must be lifted when washing out, to allow the waste 
Vulp and sand to flow into the drain ^ipe, two by-pass pipes being provided 
to allow of deflecting the pulp from its course to the dirty cotton tanks, 
should this be foutul necessary. • * 

, 10. The failure of the magnets, due to interruption of the current, will 
automatically by-pass thejmlp into the .sand gutter and thence into the 
dirty cotton tanks, until the current is restored; a signal bell apprizing the 
opera^of such interruption. • » f , 

11. When thf pulp is circulating, the skimmer should be placed on 
the clips a4 t4ie side of the jiotcher, being released when the potcher pump 
is stopped, and sfl adjusted that the surface water will drai* away slowly, 
tfie floats automatically sinking as the level of the water falls. 

12. Two pumps for emptying the potcher^ are provided, one acting 
as a reserve in case of any emergency, the pumps being connected by means 
of a flap valve so that the pulp can be deflected to either. 

13. The six-inch discharge valve of each pump should be throttled down 
so that the,purap will throw the desired quantity of pulp, to avoid unneces¬ 
sary consumption of power. 

14. Running pulp into the pumps prior to starting will cause difficul¬ 
ties, which can be remeUlhd by elefting the discharge valve until the pump is 
started, and then gradually opening the valve to the desired point. 

15. A three-way c5ck is provided on the discharge branch of one of 
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the pumps t«act as a wat^iout for all the pulp piping under the potchcrs. 

16. Three cocks are provided so that the pulp can i)c delivered into 

any one of the blending tanks. ^ 

17. The plufj valve fitted in tlyj outlet from the bottom of gach tank 

should be closed before the six-inch cock on the underside is closed, so as to 
prevent pulp from lyin^ in the short piece of pipe between the cock and the 
plug valve; a hand lever being provideft to operate these from the top 
platform. * • 

18. The stirrers in the blending tanks should not be stopped when there 
is any pulp in the tanks, as this will cause difi'iculty in starting up again, 
due to settling out of the pulp. If any of the blending tanks are out of 
service, all cocks cutting off idle pipes should 1 k‘ closed to prevent the nilro- 
cotton from packing in these pipes. 

19. When starting up the vacuum pump the three-way coik on the suc¬ 

tion pipe to the atnihsphcrc should be open until the pump Inft attained its 
normal speed, when it should Ik- turned so as to Anumuiueate with the 
vacuum chambers. • 

20. ()nc (# the two sluice valves on the suction pipes between the pump 
and the vacuum chambers should Ik* opened while the other is closed. 

21. Only one vacunin chamber is in operation at one time, the c<Kk on 
the moulding press .side of the vacuum chamber being left open at the same 
time as the sluice valve. 

22. Tlie water from the moulding presses will be deposited in the vacuum 
chamber, and when tlfe water level shows on the glass water gaugff the 
other chamber should be put into operation and the working chamber thrown 
out of service by changing over the sluice vab'es, a vacuum cock being prrv- 
vided on each shnee valve ^to break the vacdum in the chamber, thus per¬ 
mitting the accumulated water to ru|| off into the save-all, through the two- 
inch cock in the bottom of the vacuum chamlKr. 

23. Tlie cylinder of the vacuum pump should lie connwted to a sRiall 
water pipe to permit of water continually runifing into the cylinder, so as 
to prevent any particle^ of iiitrocotton nfhich may come over from coming 
in contact with a dry oylinder wall 

24. The vacutiin cocks on the moulding presses sffouhMK kepi closed 

when not in t^e, so as not to impair the vacuum. « * 

25. The pulp is run into the aluminium hopper from a rubber hiiee 
connected to the pulp co^k overhead, the hopiKr iK'iiig lifted clear after the 
pulp has settled into the Hquare recesses, and the moulding box rolled into 
position directly over the moulding press, care l>eing taken to look the same 
accurately into position in order to avoid danger of damaging the rams 
through their not properly entering the moulding l>ox. 

26. The valve lever i.s moved to admit water pre.ssure aifd the nitro¬ 
cellulose thereby transferred from the bottom box to the moulding box; the 
latter being rolled into the finishing pr^ss and l^ed against the distance 
piece and top cross head by means oi the handwheel on top of the press. 

27. By operating the valve lever of the finishing press, t^e nitrocellulose 
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blocks are pressed, the valve being again moved to,»elieve the pressure. 

28. The handwheel on top of the press is operated to slightly lower the 
moulding box and the cast iron distaiy;e piece is withdrawn. 

29. further operation of the v^lve lever serves (o push the nitro- 
cotton blocks out, ready for packing. 

30. Two operators should be at each press; on<^ filling the hopper with 
pulp, the other operating the finisfiing press. 

Granulation of Nitrocellulose. For special purposes, it is 
desirable to granulate nitrocellulose without its losing its 
morphological characteristics or microscopical appearance, as 
distinguished from gelatinization or colloiding, in the latter of 
which the structure of the original cellulose has been 
entirely destroyed. Strictly speaking, granylation is merely 
mechanical comminution, and therefore in the absence of direct 
or l&tent fiitrocotton solvents, whereas gelatinization implies 
the use of direct solvents, either as superficial solvents or as 
agglutinatingjmedia. , 

In the methods of granulation of Chron' and of C. Pieper,- 
the comminution is accompanied by incipient gelatinization, the 
nitrocellulose being first treated with a small amount of solvent 
as ^yl acetate, methyl o{ ethyl alcohols oV ether, and as soon 
as the mass becomes sticky and agglutinates, it is stirred, rolled 
or rumbled until small distinct granules result. 

R. v. Freeden® has patented ^a methdd for the granulation of 
nitrocellulose, in which the mixture containing the cellulose ester 
is treated with a liquid or vapor exercising no chemical or solvent 
action upon the mass, continuing the agitation until the requisite 
degree-, p[ fineness and porosity as obtained.'^ In tfie C. Schmidt 
process,^ the celjulose is granulated to the desired degree of fine¬ 
ness prelknlhary to nitration, then treated in the usual manner. 

In producing powdered nitrocellulose according to the ideas 


1. La Niiture. 1884, I. 399. ' 

2. E. P. 2547, 1890. D. R. P. .57399; abet. Mon. Sci. 1892, 40 , 51, 

288; Her. 1892, 25 , 59; Wag. Jahr. 1891, 37 , 428; Zts. ang. Chera. 1891, 4 , 
408; Chem. Ztg. 1891, 15 , 1058; 1892, 15 , 1277; Chem. Tech. Rep. 1891, 30 , 
II 253- Chem. Ind. 1891, 14 , 375; Industriebl. 1891,358; Meyer, Jahr. Chem. 
1891, 1 , 3.33; Tech, Chem. Jahr, 1891-2, 14 , 141. In the process for gclatinix- 
ing nitrocellulose as described by Elektro-Osmose A.-G. (D. R. P. 309260, 
1917; abst. J. S. C. I. 1920. 39 , 430-A). the water is replaced by a gelatinizing 
liquid by means of electro-osmosis. „ . 

3. U. S. P. 429516,, 1890; abst. J. A. C. S. 1890, 12 , 238; Tech. Chem. 
Jahr. 1890-91, IS, 162. t. P. 203734; abst. Mon. Sci. 1890,15, 874. 

4. E. p<.116, 1904; abst. J. S. C. I. 1904, 23 , 386; Chem. Ztg. Rep. 
1905, 29 , 514. See also g. P. 4769. 1895. 
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of H. Wertheim,' for, the purpose of obtaining a .finely dis¬ 
integrated material especially suitable for impregniition purposes, 
the pyroxylin iq solution is eithJr precipitated by water or by 
water and steam, or the solution may be mixed with»a small 
amount of water to nearly the point of precipitation, and then 
steam blown in with violent raec'hanical agitation. A satis¬ 
factory product is formed by dissolving 20 k. of nitrocellulose or 
celluloid in 40 k. of ethyl alcohol and ') k. acetone, converted 
into a solution by means of a kneading machine, after which by 
the addition of water—in small quantities at first—of a total of 
100 k. the precipitation of the nitrocellulose is cfTectcd, and may 
be separated from the solution by subsidence in a very finely 
pulverulent condition. ^ 

A. Voight* prefers to first grind the nitrocellulos* in an*Kx- 
celsior mill with the gradual addition of the requisite amount of 
water, after which the product js placed in a ball mill, whereupon 
it is ground to a fine amorphous powder in the course of a few 
hours. This product is then thoroughly washed several times, 
to remove the less stable portions, the structure thus obtained, 
according to the patentee, being eminently suitable for the m^u- 
facture of compressed nitrocellulose bodies of exceptionally high 
specific gravity. ^ • 

The/e has been granted to F. and P. du Pont a series of 
patents’ for the granulation of nTtrocotton in which are embodied 
many of the present-day methods of manipulation. ITie esseiKe 
of these patents in their entirety is the sfispension of the nitro¬ 
cellulose in a liquid sych as water, vdiich is a strictly non-solvent, 
and in which is dissolved a suitable salt as calcium chWrffie, l^aCl 
or sodium nitrale. A solvent of nitrocellulose wkiejj is not 
miscible witll the suspending liquid is then added,* and the whole 
then churned up with *hc addition of steam, thereby granulating 
the material to any desired degree of fineness. The grains are 

1. K. P. 6268, 1912; abst. C. A. 1913. 7, 3025; J. S. C. I. 1913, M, 420; 
Chem. Ztg. Rep. 1913, 17, 387, 495, 557. Aust, P, Anra. 17.5.5, 1911. 

2. D. R, P. 190073; abst. Mon. Sci. 1910, 71, 125; Chem. Zentr. 1907, 
71, II. 1881; Chem. Ztg. Rep. 1907, SI, 614; Wag. Jahr. 1907, S3,J, 421; Zts. 
Sebiess. Spteng. 1907, 2, 435. 

3. U. S. P. 50.3583, 503581, 503585, 503.588, 503587, 1893; 519702, 

522978, 1894 ; 590931, 1897; 633811, 1899; abst. J. A. C. S. 1893, IS, 478; 
Chem. Ztg. Rep. 1899, 23, 892. B. P. •16885, »386, 15867, 1893; abst, 
J. S. C. I. 1^3, 12, 1057, 1058; Arms and Explos. 1893, 2. 64. Can. P. 
44709, 44780, 44781, 1893. Ital. P. 34706. 1893. * 
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afterwards solidified by rotation in a drum* in an atntbsphere of 
steam. A moBerating agent such as nitrated resin or nitrated 
turpentine is said to be.added, afid may be dissolved in the solvent 
used in Ike granulating process. ' 



Fio. 28fi.— DU Pont Phocbss for Granulating Nitrocblluloss 


A special chum for carrying the process into effect has been 
evolved and is shown* in Figs. 281 and 282, including the ap¬ 
paratus for Solidifying the grains. The rotating drum H re- 
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ceives th» grains, whjle steam enters by the pipe 2 and opening y, 
and escapes by the passages p in the bulkhead»A'. The water 
leaves the grains by the openings S, and^is collected and carried 
off by the revolving chutes A, leaving the apparatus* with the 
steam by the openings 6 and pipe y. 

In a more recent refinement of thc^ above indicated process, 
E. I. du Pont de Nemours & Co.' tumbles a gclatinizecf nitro¬ 
cellulose grain with a powdered material which is a solvent for 
the grain, and then melts the solve»t during the continued tum¬ 
bling operation with a hot aqueous vapor, to impregnate the surface 
of the grain with the solvent. 

For filling limited space with nitrocelhilos (4 granulated 
guncotton is often used, as the working of small bodies is often too 
difficult and time consuming. In one meth(Ki of*producing a 
granulated*product, sheets are formed by means of suitable 
machinery from the pulp as jt comes from the beater, which arc 
then ait in small ])ieccs*of the desired size. The pulp still con¬ 
taining water and a small amount of a binder (nitrocellulose 
solvent miscible with water) is placed in a vessel and agitated 
until the mass is ti'ansformed into granules of the desired sj^f and 
density. Afterwards the granules may be sorted by sifting. 

Colloiding Nitrocellulose. In tie general method of pre¬ 
sentation of the industrial aigrlications of the cellulose nitrates, 
Vol. 1 closes with the fabrication of nitrocelhdosc t<j that jjoiiit 
where it has been deprived of the contained water by various 
means, and before the nitrocotton has been treated in any special 
manner to indicate its use, either in the peaceful oj^way'ike arts. 
The colloiding fof guncotton for smokeless povaiers is detailed in 
Vol. Vll qf this series; colloiding for thermoplqj.tic*c(»mbinations 
typified by celluloid is delineated in Vol. V; the colloiding agr^ts, 
high boilers, thcrmftplastic bodies, activators, and accelerators 
form a section of Vof. 11 under the general heading of fluid and 
solid solvents and attenuating fluids. Brief reference to these 
bodies and processes will be found in Chapter XII of this volume. 

However, in connection with the topic gelatinizfction, are a 
few co-related salient points, which might with propriety, per¬ 
haps, be touched upon at this time, and a.'*rtain processes briefly 

1. Can. P. 1985C0, 1920. 
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referred to wjiich are especially interesting ^ ‘this counection. 

The amount of solvent required for the proper colloidation 
of nitrocellulose varies within comparatively wide^imits due to 
variations**! the viscosity and the *ilubility of the nitrocellulose. 
For instance, it the viscosity is unduly high,* then more solvent 
is required,, and subsequently 4 longer time is necessary for the 
removal of the solvent entrained. So that in nitrocellulose 
intended for smokeless powder and film manufacture, it is ad¬ 
visable to reduce the viscosity for the reasons above stated. The 
most important colloiding agents at the present time are probably 
acetone and a mixture of alcohol and ether. Of course, where an 
excess of thejdissolving fluid is used, a true solution results, and 
upon evaporation of,the liquid portion of such a mixture, truly 
colloidad, honty, structureless nitrocellulose remains. If the vol¬ 
ume of the solvent be sufficiently reduced, the cellules* ester will 
merely soften, intumesce and take the form of a plastic paste-like 
mass, the consistency depending upon the amount of solvent and 
attenuating non-solvents (if any) employed. I'herefore gelatiniza- 
tion or colloidation may be called a transition or intermediate 
stage i^tween the original cellulose ester and a»true solution, the 
solvency always having proceeded to that stage or phase where the 
structure of the nitrocellulose haS been entirely extinguished. 
This process of transforming a cellulose ester into a colloid has 
variously been termed gelatinizati<Ai, colloidation, colloidization 
and plastic formation. 

It is well known that 'acetone dissolves the celluloses of maxi¬ 
mum nitration, but gives colloids characterized by a deficient 
tensile sSrljJtli. Under pressure or shock, thefr brittleness is so 
pronounced ,that they break up, and therefore * render such 
colloids unsuited lor smokeless powder, as they are finable to 
witlfetand the bursting strain in the gun chamber. Tjje ether- 
alcohol colloids on the other hand are tough and elastic, although 
the nitrocelluloses dissolvable in ether-alcohol are of a lower 
nitration than the guncottons. As ether-alcoholS fail to properly 
gelatinize th^ celluloses of highest nitration, lower nitrated cottons 
are used, otherwise ungelatinized fibers will be present which will 
render the colloid porous, affect its homogeneity and induce 
excessive pressures and* irregular* ballistics. 

In 1882 W. Reid proposed to harden explosive granulated 
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powders %>y moistening the grains with a suitable solvent.' The 
next year W. Wolf and F. v. Forster* compared nitrocotton 
by means of e^hyl acetate and ifltrobenzejie, but it was found that 
the latter had a too high bofling point, and also wa.s^toxic. H. 
Maxim submitted the guncotton to acetone vapors until incipient 
gelatinization took place, then removec^the excess of solvent and 
fabricated into the desired shapes." The method of Wolff & Co. 
was similar.' The indurated powder of C. Munroc depended 
upon the use of nitrobenzene and has been previously mentioned, 
the nitrocellulose explosive of A. Cronquist being analogous." 

In the process of G. Hubner* a combination of ether-alcohol 
and nitronaphtbalin was specified, while W. Theqdorovic’ pre¬ 
ferred amyl acetate as the gelatinizing medium. A. Luck and C. 
Cross,* and C. Curtis with A. Dumford® indifced iifbipient 

1. U.^. r. 267I(«, 1882. W. RcitI and D. Johnson, I). R P. 189.%; 
abst. Indbl, 1882, 287; Chcra, Tech. Rep. 1882, 21, II, 175; Wag. Jahr. 1882, 
2S, 404; Dingl. Poly. 1882, 24«,*185; Chem. Ind. 1882, S, 245, 2.5.'); Jahr, 
Chem. 1882, 3S, 1411; Chem*. Tech. Mitth. 1882-.3, 32, 97, 

2. D. R. P. 23808, 1883; abst. Wag. Jahr. 1883, 29, 389; Chem. Ind, 
1883, 6, 2,50, 348; Her. 1883, 18, 2542; Chem. Tech. Rep. 1883, 22, II, 188. 

D. R. P. 26014; abst. Wag, Jahr. 1884, 30, 377; Chem. Ind. 1884, 7, 31, 165; 

Chem. Tech Rep. 1884, 23, I. 201; Bull. Soc. Chim, 1884, 42, ,31)8; Poly. 
Notizbl. 1884, 39, 187. M. v. FOrster, U. .S. P. 31.5357, 1885. ' 

3. U. S. P. 430212. 1890; 748200. 1903; abst. J. A. C. 8. 1890, 12, 
240; 1904, 26-R, 326; Mon. Sci. 1904 , 61, 99; Chem. Zts. 19(W, 3, 400, 405. 

E. P. 16213, 1888; abst. I. S. C. I. 1889, 8, 918. E. P. 168,58, 1896; abst. 
Chem.*Ztg. 1898, 20, 558T Jahr. Chem. 1897, 50, 1.509; Chem. Ind. 1897, 20, 
558; J. S. C. I. 1897, U, 698. E.T. 13457, 1903; abst. J. S. C. 1. 1903, 22, 
963. K. P. 194792; abst. Mon Sci. 1889, 34, 7.56, D. R. P, 491.54iabst. 
Zts. ang. Chem. 1890, 3, 59; Jahr. Chem. 1890, 43, 2708; Chem. Tech Rep. 

1889, M, II, 173; Wag. Jahr. 1889, 35, 475; B*. 1890, 23, 42-R; Industriebl. 

1890, 87; Tech. Chem. Jahr. 1889, 12, 160; Span. P. 8991. Belg. P. 8.5093. 

Ital. P. April 10, 1889. * _ , 

4. Can. P. 37^, 1891. *• ' 

5. Indbl. t887. 83, 91, 99, 108; abst. Chem* T9ch. Rep. 1887, 26, I, 

225. . • • 

6. E.'P. 19299, 1894; abst. Arms 4nd Explos. 1895, 3, 72; J. S. C. I. 
1895, 14, 66. D. R. P. Anm. H, 15323, 1894; abst. Mon. Sci. 1896, 47? 86. 
See C. Duttenholer, E*P.8776, 1902. V'ercinigte KOIn Rottweiler Pulvcr- 
labriken, D. R. P. 31431f. 

7. E. P. 949, 1896; abst. Chem. Ztg. 1897, 21, 479; Chem. Tech. Rep. 
1897, 36,1, 198; Mon. Sci. 1898, 52, 95; J. S. C. 1. 1896, IS, 68, 236, 376. 

8. U. S. P. 68S792, 1900; abst. J. A. C. S. 1902, 24, 61; Mon. Sci. 1901, 
57, 287. E. P. 5286, 18233, 18868, 1898; abst. J. S. C. I. 1899, It, 400, 787; 
Mon. Sci. 1900, 56, 22, 131; Chem. Tech. Rep. 1899, 38, 195,»637; 1900, 10, 
326; Chem. Ztg. 1899, 23, 1077; 1900, 24, 20; Tech. Chem. Jahr. 1899, 22, 
143. Anns and Explos. 1899, 2, 66. P. P. 28^20; abst. Mon. Sci. 1899, M 
187. D. R. P. 117349, 1898; abst. Mpn. Sd. 1901, St, 148; Chem. Centr. 
1901, 72, 1, 288; Chem. Tech. Rep. 1899, 38, 537; 1901, 48, 240; Chem, Ztg. 
1901, 25, 93; Jahr. Chem. 1901, M, 895; Wag. Jahr. 1901.^17, 492; Zts. ang. 
Chem. 1901, 14, 117. D. R. P. 120562; abst. Mpn. Sci. 1901, 57, 218; 1903, 
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colloidation, .then precipitated the mass wit)5 agitation'aided by 
small amounts di non-solvents. It has been found that colloided 
nitrocelldlose can be reaflily granfilated by adding the solution 
of the celWose ester small amounts of benzene, toluene or xylene, 
especially toluene, stirring vigorously until thp addition of non¬ 
solvent has brought the pyroxylin nearly to the point of precipita¬ 
tion. A large bulk of toluene is then rapidly added with agitation, 
and the finely granulated nitric ester filtered, washed with gasolene 
and dried at a low teraperatare. 

The Vereinigte Koln-Rottweiler Pulverfabriken' produce 
homy cellulose without dissolving the latter in spirit, this being 
accomplished by reducing the cotton to a much finer state of sub¬ 
division than is usually carried out, and then after partial drying, 
leaving the fnaterial to dry in compressed cakes. W. Borland 
uses an emulsion consisting of methylated spirit, acetone, camphor 
and paraffin;- while K. Kaiser-' dissolves acetylene in acetone and 
uses this mixdd solvent as a colloiding agent. 

In the preparation of gelatinized cellulose esters according 
to A. VoswinkcV cellulose is simultaneously treated with zinc 
chlonde, acetic and nitric. acids until gelathiization has been 
effected. This mixed (?) ester is then granulated by means of 
precipitation by a non-solvent as water, and used as a propellant 
explosive. The International .Smokeless 'Powder & Dynamite 
Co.'' manufacture colloided nitrocellulose of 12.1% N and 0.5% 

59, 283; Chem Tech. Rep 1001, 40, 2:iH; Chem 7Ae 25, 425; Tech. 
Chem, jahr lilOl, 24, 2()«; Wax. Jahr. 1901, 47, 4!W; Zts. ang. Chem. 1901, 
14, 625. In this connection sec also J. S. C. 1. 1900, 19, 642, abst. J C. S. 
IlHX), 7«;:,j%541. Mon ,Sei. I9(W, 59,*114; Chem. Centr. liKK), 71, II, 698; 
Chem Tecli ftep. 1901, 40, ,574; Jahr. Chem. 19(K), bl, 1418; Meyer Jahr. 
Chem. 19(K), 10, 320; Techn Rundschau d. llerl. Tagcblat.. 1901, 38, Berg. 
Huttenm. Ztg. hO, 13.3. 

9. li. P. 12.59f, 1899; abst. J. S C. I 19(K), 19, 689. 

*■'1. It. P. 18930, 1897; abst. Arms and Itxplos. 1898, 6, ;10; Mon Sci. 
1899, 54, 149; Chem Ztg. 1899, 23, 10; J. .S. C. I. I(s98, 17, OS.* 

2. E. P. 4593, 19(K); abst. J. ,S C. I. 1901, 20) 279; Mon.' .Sci. 1901, 57, 
287; Chem. Ztg. Rep. 1901, 25, 619; Chem. Tech. Rep. 1901, 40, 572. 

3. n. R. P. 144846; abst. Mon. Sci. 1905, 63, 14; Chem. Centr. 1903, 
74, II. 924; Chem. Ztg. Rep. KKW, 27, 1011; Chem. ZtS. 1904, 3, 400; Jahr. 
Chem. 1903, 56, 1019; Wag. Jahr. 1903, 49, 1, .345; Zts. ang. Chem. 1903, 16, 
1020. 

4. D. R. P. 74070; abst. Zts. ang. Chem. 1894, 7, ,307; Chem. Centr. 
1894, 65, 1, 1168; Chem Ztg. 1894, 18, 612, 1090; Chem. Tech. Rep. 1894, 
33, 1, 239; Chem. Ind. 1894. 17, 512; Wag, Jahr. 1894, 40, 495; Ber. 1894, 27, 
,537-R; Tech. Chem. Jahr. re93-4, 16', 165; Meyer Jahr. Chem. 1894, 4, 418. 

5. E. P. 23252,1900; abst. J. S. C. 1.1901, 20, 388. , E. P. 13457, 1903; 
abst. J. S. C. I. 1903, 22, 963; Chem. Ztg. 1904, 28, 1030. F. P. 306657; 
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solubiUt}^ iTi ether-fclcohol according to a rather, complicated 
arrangement to which the original patent is directed for details 
of maniptilatii^n. ^ 

Chlorsulfur compounds,^ including sulfur di- Snd tetra¬ 
chloride, sulfuryl, chloride and SOClj (thionyl chloride)* are 
specified as being valuable nitrocotton gftlatinizcrs by the patentee, 
M. Bielefeldt. G. Wadsworth* renders nitrocellulose bulky and 
porous by gelatinizing by means of a suitable solvent in which 
it is wholly or partially dissolved, tlR'n mixing with finely ground 
barium nitrate and granulating. The barium salt is then re¬ 
moved by treatment with hot water, leaving the imrous cellulose 
ester mass. 

J. Beniadou prepares an explosive cementing agent* or 
binder, in which the cementitious material is an eftier-alc<)hol or 
acetone cdlloidal nitrocellulose, which during gelatinization has 
been subjected to a tcmperatjire ecpial to, or below that of freezing 
water, which produces the colloid in the form of an impalpable 
powder. W. Williams* immerses grains of guncotton in a solution 
of mononitronaphthalene in a relatively volatile liquid until they 
begin to soften, ^^5len they arc removed, dried first by exposure 
to the atmosphere, and then at a temperature of 40° ■70'’. 

abst Mon Sci 1(102. $», S7. Kev Cliim IUrt KWl. 12, MO. F. P. .•i,S.42,')9; 
abst. J. S. C I. uwa. 22,*l:!0S. Mon Sci. lOO.S, $3, 81; Chem. Zts. UKJ4, 3, 
l.M. D K P 171X184, absl C. X 111(17. 1, 2202; Wax Jatir. HKXI, S2, I, 
477;Chcni Zentr 11107. 78, I. 147.5, Chcni Ztg. 11107, 30, .'12; Zts. ang. Chem. 
11107,20, 11115, Zts Sohiess Spreng 11107,2, i2 * 

1 I) R P il.i:i51, abst Wag Jahr 18»7, 43, l.'iO, 482; Chem. Centr. 
18117, 68, 11,1128, Chem Ztg. Rep. 18117, 21, 741; Jahr. Chem. 18117, SO, 1062. 

2 I! P 201.'i:it OHIO, 20216, ll»l.'l; abst. J. S. C. I. 1901, 20, 1240; 

IIKM, 23, 8'i6, Chem •y.tg Rep 1902, 26, 27)4. I'. P. :t;i5801»a.)sl f. S. C. I. 
11H14. 23, 2611, M»n .Sci 11105, 63, 85 D R. P. 95.190Fab.st. Mon .S<-i 1898, 
S2, 178, Chem Centr 1898, 69, I, .5112, Chem. Ztg Rep 1801 *21, 27; Wag. 
Jahr. 1897.M3, I.'IO, 481 • 

.'1 U S. P 899.577, 11108, abst. C A 1909, 3, 877; J. S C 1 190% 27, 
1081; Mon .Sci 1909, 71, 128; Zts .Vhiess Spreng. 19(V.l, 4, .'W. Iv. P 16492, 
11KI7; abst. C A. 1908, 2»2;i02: J S C I, 1908, 27, 2117; Zts. .Schiess Spreng 
1908, 3, 2.50. The process of T. Keishoft (R P. 1(1927, 1906) is similar. 

4 U. .S P 6.524.5.5, 6.52.505; li. P. 11567. 19(X1; 22.5.'i, llHIl; K. P. .301649, 
1900; D. R. P. 1251«0, 127148, abst J. b. C. I. IIKKI, 19, 808, 851; 1901, 20, 
1.54, 617; Mon, Sci. IIXXI, S6, 216, llHll, 57, 80.5, 1902, 58, 145; Rev prod, 
chim 3, 841; Chem. Centr. llHll, 72, II, 114<1, Chem. Tech. Rep. 1901, 40, 
,570; Chem. Ztg. 1901, 25, 1019, 1174; Chem. Zts 1902, 1, tA 405, Jahr. 
Chem. 1902. 55, 1056; Tech. Chem. Jahr. 1901, 24, 208; Wag. Jahr. 1901, 47, 

I, 490; 1902, U, I, 366; Zts ang. Chem. llKll, 14, 1213; 1902, 15, 19. 

5. U. S. P. 825168, 1906; abst CIA. 1907**; 105, 115; Mon. Sci. 1907, 
67, 52; Chem Ztg. Rep. 1906, 30, 282; Chem. Zts. 1906, 5, 495; Zts. Schiess. 
Spreng. 1906,1, 409. * 
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In the gelatinizing apparatus of G. Gentieu,* a drtei is pro¬ 
vided with rotating arms in which the explosive is placed and the 
gelatinizing liquid forced in by'means of a spr^ nozzle. An 
automatid'pressure valve is provide to keep the supply of liquid 
constant. J. Delpech* obtains colloidal pyrqxylin, then filters 
out tl\e low nitrogen nitfocellulose, thus increasing the stability 
and insuring more uniform ballistics. 

In following the directions of D. Kondratieff,’ wet nitro¬ 
cellulose immediately after centrifugalizing and without any other 
treatment to remove water which it retains, is mixed with alcohol 
and ether, preferably in the proportions of nitrocellulose 100, 
alcohol 25, and ether 50 parts, to produce an ordinary gelatinized 
product. The gelatinization with a sub-class of the urethanes 
in thc‘hands*of W. Rintoul, T. Nolan and Nobel’s Explosives Co.* 
in which such bodies as phenylbenzylurethane, befizyl-o-tolyl- 
urethane are used, have proven a yaluable addition in this field, 
and are mentioned elsewhere in this volume. 

Co-nitration. Many attempts have been made, and patents 
granted for the simultaneous nitration of two or more dissimilar 
bodiejv-usually some form pf cellulose or a Water-soluble carbo¬ 
hydrate in conjunction with glycerol—but in the main, these 
processes have not been fopnd satisfactory. The object was the 
formation of explosive combinations upon t!he theory that a more 
intimate physical admixture or chemical union might be expected 
to result, when two dissimilar bodies are nitrated simultaneously. 

In the processes as'patented by A. Cocking and Kynoch, 
Ltd.,‘ a nitro body is described similar in properties to nitro- 

1. u!^rp. SamS; abst. Mon. Sci. 1907, «7, sf; Zts. Schiess. Spreng. 

1907, i, 67; Ch^pi. Ztg, Rep. 1906, 30, 412; C. A. 1907, 1, 4<j9, 498. U. S. P. 
837463; abstl Mon., Sci. 1907, 87, 160; Zts. Schiess. Spreng. 1907, 2, 135. 
U. S. P. 866859; atet. Chem. Ztg. Rep. 1907, 31, 614. G. Gentieu and R. 
WaSdell, U. S. P. 806131, 1905; abst. Mon. Sci. l^p6, 85, 68; Zts. Schiess. 
Spreng. 1906,1, 103; J. A. C. S. 1906, 28-R, 369. • 

2. F. P. 436439, 1911; abst. Mon. Sd. 1913, W, 186; Chem. Ztg. 1912, 
38, 426. 

3. U. S. P. 1212770,1917; abst. C. A. 1917, U, 888; J. S. C. 1.1917, 38, 
403; Mon. Sci. 1917, 84, 60. 

4. E. P. 131389,1918; abst, J. S. C. 1.1919, 38, 796-A. In this connec¬ 
tion see E. P.‘ 4940, 1913; 14655, 14656, 1915; E. P. Appl, 16616, 1916; 
6481, 1917; abst. J. S. C. I. 1914, 33, 712; 1919, 38, 340-A, 513-A. 

6. E. P. 2836, 1911; abst. Chem. Ztg. Rep. 1912, 38, 382; Zts. Schiess. 
Spreng. 1912, 7, 269,332; J.fi. C. 1. 1912, U, 303; C. A. 1912, 8, 1992. E. P. 
17221, 1911; abst. J. S. C. I. 1912, 31, 954; C. A. 1913, 7, 417. G. Lezinsky 
(E. P. 22565,1908; abst. J. S. C. I. 1909, 28, 817; C. A. 1910, 4, 113) nitrates 
together, a resin and a cereal, as wheat. Tfie "glycetopyroxylin" ol G. 
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glycerol, 8y the nitration of glycerol with sugar disserved therein. 
It has been tuond that sugar mav be made to dis&lve in glycerol 
up to about 1(1^ of sugar—although in practice, about [5% may 
be considered the maximum—and that the product resiflting from 
the nitration of a solution of one jn the other is a stable body, 
and may be utilized for the same purpose* and in the same manner 
as nitroglycerol is employed in the manufacture of Sxplosives. 

In carrying the process into effect the sugar is dissolved in the 
glycerol and nitrated in the usual ihanner, a liquid nitro body 
resulting, readily capable of piniffcation because its solubility 
is of the same order as of nitroglycerol. Cane and beet sugars are 
preferably employed. On account of its diminished oxygen 
content, this explosive is inferior in disruptive power to nitro¬ 
glycerol, from which it cannot be distinguished by appeafance. 
The mixed Aters dissolve nitrocellulose, and are alleged to be of 
peculiar utility in the manufacture of blasting explosives. 

The method of J. Bldmen* relates to the manufactiue of high 
explosives and celluloid compounds, the object being especially to 
produce an explosive which can be regulated in such a manner 
as to obtain a greatbr or lesser degree of force, as may be dwired. 
His process broadly claims the co-nitration of cellulose, a hydro¬ 
carbon and a hydroxyl derivative of ajiydrocarbon.’ 

Tlwse processes of simul^eous nitration—at least in the 
Clarke (E. P. 3408, 1888; abst. Mon. Sci. 1870, 12, 03; Deut. Industrieztg. 
1870, 48; Wag. Jahr. 1870, It, 217) is formed by impregnating cellulose With 
glycerol, whidi is then nitrated. , 

1. E. p. 9984, 1901; abst. J. S. C. I. 1901, 2t, 1140; Chem. Ztg. 1902, 

2t, 902. U. S. P. 599589, 674159, 0742S1; abst. }. A. C. S. 1902, 24, 106; 
Mon. Sci. 1901, $7, 28ji Can. P. 74321, 74322,1901. • • 

2. See also H. Maxim, E. P. 5209, 1890; abst. #. % C. 1. 1890, 9, 438; 

1891, U, 292, 484. The Satanite Powder Co. have described (E. P. 7719, 
1911; abst. J,S. C. I. 1911, 30, 1188; C. A. 1912, S, 284*; Chem. Ztg. Rep. 
1912, 3t, 531) the co-nitration of resin and starch. ^ 

In connection with the subject of co-nitration of cellulose and glycerol, 
and the nature of the protects formed by combination of the two esters, the 
work of D. Chiaravigio and 0. Corbino (Atti. accad. Lined, 1915, 24, I, 
247; abst. I. S. C. I. 1915, 34, 637; C. A. 1916, 9, 2148; Chem. Zentr. 1917, 
90, T, 1029; Annali Ch^. Appl. 1915, 3, 27C) is illuminating. The gelatiniza- 
tion of guncotton, which is so important in the manufacture of explosives, 
is usually accomplisbed by means of a volatile solvent, or by some other 
substance which is usually explosive but little vdatile and which is retained 
in the final product as an essential constituent. Mixtures of nitroglycerol and 
nitrocellulose are considered to be colloidal but their structures, and degree 
of homogendty are not known (cf, E. PaSemo an* S. Traetta-Mosca, Gux. 
chim. itd; Zts, Schiess. Spreng. 1909, 9, 144). They (C. and C.) placed a 
layer of powdery nitrated cotton in the bottom of a large fla&, in the center 
of which a beaker contaming nitroglycerd was placed, the flask being at- 
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major number of instances—have proven offbut little commercial 
value, some of* the disadvantages which seem to be inherent 

being: . ’ / 

• 0 

1. IWe nitrating mixture found most (^esirable for one of the 

bodies has been found unsuitable for the esterification of the 
, >* 

other.^ 

2. The temperature, length of immersion, composition of the 
nitrating bath and other details for the most favorable nitration 
of one of the bodies, is wltolly inapplicable to the other where 
maximum yield of acceptable purity and stability is aimed at. 

6. The yields arc inferior as compared with the nitration of 
each separa'ely in a bath best suited to produce the maximum 
yield and desirable properties. 

4* Often it is unusually difficult to wash to neutrality bodies 
of dissimilar chemical structure and physical appearance, without 
materially diminishing the yield. 

Therefore at the present day, celhrtosc bodies together with 
glycerol, sugars and petroleum hydrocarbons, are seldom, if 
ever, simultaneously nitrated in the same bath. tVith glycerol 
and'the water-soluble carbohydrates, more Satisfactory results 
are obtainable. 

Classes of Cellulose Nitrates Produced in the United States. 
For practical purposes, these mav be reduced to three general 
classes, with a number of specialized subdivisions as follows: 

(1) Pyrocollodion, entirely soluble in acetone, and 9.3% oi 

tached to a special form oT apparatus (described in Atti accad. I.incci, 23 
I, 37). The whole was evacuated Vith a mercury wacuurn pump and kep< 
in a large air ihermostat at a constant temperaturc»of (lO". The glycery 
nitrate was gradualll evaporated from the lieaker at a rata which diminished 
until after sontt days it was imperceptible At the end of the experimen 
the guncotton waS found apparentiy to have sustained little change 
cxtkpt that it was a little more sticky. But at high pressures, transformatioi 
into a homogeneous, transparent, gelatinous mass took pkce. When th 
experiment was conducted at 30°, a collodion cotton (12.2.5'’f, N) took u| 
31.,4% nitroglycerol in 7 days, and 3,5 6% in 40 days. A guncotton (13.27',' 
N) took up 'i7A% in 40 days. From the fact that when glyceryl and,cellu 
lose nitrates are brought together a marked rise in temperature was observer 
leads to the inference that the process is not simply the solution of a solid in 
liquid, but iwtrue exothermic chemical reaction between the two clas.ses c 
esters, or else the facts must be ascribed to simple imbibition phenomena. 

in the method of the co-nitration of cellulose and sugar of C. Dittms 
(E. P. 3088, 1875; abst Wag. Jahr. 1877, 23; 384; Ber 1877, M, 725; Chen 
Tech. Rep, 1877,18,1, 48T) the cellulose in the form of pulp is soaked in 
solution of sugar or manhite, then dried, and nitrated in the usual manne 
thus producing a nitrated cellulose with pitrpsaccharose or nitromannite. 
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better in ether-alcohol, used as the official Governfnent explosive 
for military uass, manufactured*either by centrifugal nitration 
(Naval Station, at Indian Hea(J, or various du Pont woalcs) or by 
the displacement method (Picatinny Arsenal, Dover, N. J.). 
Under this heading is also to be included yarious sporting powders 
for rifle and shotgun use, although the nitrogen content in’these 
usually falls below pyrocollodion powders. Comparativclv speak¬ 
ing, but little cellulose is commercially nitrated over N. 

(2) Nitrocellulose for pyroxylin solutions, of high grade 

linters stock, nitrogen percentage around 12, solubility high, and 
free flowing in vjpeosity. Used in pyroxylin lacquer^, and to a 
less extent for banana liquids and bronzing mixtures. The nitra¬ 
tion of tissue paper for “water white" lacquers for tllb prot*ction 
of silverwarf, with a nitrogen percentage of 11.5 12, is an im¬ 
portant branch of this subdivision. The manufacture of con¬ 
tinuous photographic films which arc cast (deposited) from an 
acetone solution, are examples of low viscous esters, while the 
highly viscous celluloids are prepared from tissue pajxir, but of 
a much lower nitrogen content. In the production of nttro- 
ccllulosc for colloiding with nitroglyccrol in blasting ^atin 
manufacture, it is essential that the solubility shall be unusually 
high, and a great improvement in this direction has been made by 
the discoveiy of the technical staff of Nobel’s Explosives Co., Ltd., 
of a series of accelerating solvents or “activators" mentioned flsc- 
where herein. . * 

(3) Nitration ef tissue papet for plastic formation^ high 
viscosity couple^ w*th a satisfactory solubility,^nitrogen content 
•about 10.7%, and producing with camphor and anate^us bodies 
products of high thermoplasticity and tensile strength. Irrespec¬ 
tive as to whether tfissue paper is used as the initial material 
(celluloid formation), br hull fiber or shavings (artificial leather 
coating compositions), the manufacturing cost is low, the yield 
comparatively higfi, and the solubility not always satisfactory. 

Actual factory details for the manufacture of eajh of these 
three classes of nitrated celluloses, are described in detail subse¬ 
quently.' 

From a factory cost viewpoint, the amount of nitrating acid 

1. A process for the preparation of "soluble cellulosl” has been de¬ 
scribed by P. Marino (E. P. 7430, 1908; abst. J.«. C. I. 1909, ^ 812) in 
which wdinary pyroxylin is introduced into a mixture of alcoholic solutions 
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retained in tifc manufacture of the above classes is highly im¬ 
portant. In general, if is found'that the physicabcondition of the 
original Wton fiber has considerable influence upon the amount 
of acid retained upon wringing, in that an open or "pilled” fiber 
causes less acid to be retained than does a matted fiber, due 
primarily to»the fact that the latter upon nitration packs closely 
in the wringer, and prevents or rather retards the removal of the 
acid. This, of course, is materially influenced by the speed of 
revolution of the centrifugal, the charge contained therein, the 
size of the perforations in the centrifugal basket, and the period 
in which the nitrated cotton is centrifugalize4, Wliere notable 
variations in the peripheral speed of the wringer takes place, 
correcpondiftg variations are found in the amount of acid retained. 

Specifications for Guncotton for the United Staftes Navy. 

1. Raw Materials, (a) Cellulose. The material t() be used 
is bleached cellulose, prepared for nitrating, which will be obtained 
by purifying unspun cotton waste, or suitable short fibered com¬ 
mercial cotton, and thoroughly washing to remove the purifying 
matgeial or salts; it is to cbntain not more than 0.4% of extractive 
matter and not more than ()..%% of ash; it is to be of uniform 
c'haracter, clean, and freei-from such lumps as will prevent uni¬ 
form nitration. It should not coijtain more than “traces‘of lime, 
chlorides or sulfates.” 

The extractive mafter will be determined by extracting not 
less than 1.5 gm. of cotton in a Wiley or Soxhlet extractor with 
ethyl 'Other ,and weighing the extracted matter 'after drying at 
100° C.; the pertcrftage is to be caladated on d.-y cotton. Ash 
will be determined by digesting about 1.5 gm. of cotton with a 

containing about 10% (of the weight of the pyroxylin) of each of the fol¬ 
lowing substances- manganese chloride, ferric yjlfate, and sodium ethyl 
sulfate. The solution is diluted with ether or other solvent of pyroxylin 
and the pyroxylin is dissolved. A saturated solution of freshly precipitated 
ammonium magnesium phosphate is separately prepared in a quantity of 
sulfuric, phosphoric, or other mineral acid equivalent to about 10% of that 
of the solvent used with the pyroxylin. The two solutions arc mixed and 
heated at 25'' for twelve hours. The “soluble cellulose,” which separates on 
cooling, is drained, washed and dried. The mother liquors are collected 
separately, and after dilution with spirit and neutralization of the mineral 
acid, they may be utilized' for rendering wood or fabrics non-inflammaUe. 
J, Blomen, J. A. C. S. 1895, 17, 411; abst. Bull. Soc. Chim. 1896, U, 957; 
Chem. Centr. 1836, S*. 1,1090; Jahr, Chem. 1895, tt, 1359. For the alcohol- 
soluble nitrocellulose t^ed "alkcien,” see Poly. Centr. 1863, 29, 700. 
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little pure nitric acid, iSicinerating at a red heat and weighing the 
residue; the percentage to be calralated on dry colton. 

Moisture wAjJ be detenniiu^ by drying not less thag 3 gm. 
of cotton at 105° C., to constant weight. * 

(b) Acids. A mixture of sulfuric and nitric acids will be 
used, containing no metallic salts other than salts of iron,, and 
not more than a trace of chlOj^ine compounds. 

(c) Ether. Ethyl ether will b« used, containing no impurities 
other than small quantities of water an8 ethyl alcohol. The ether 
to be clear and colorless, with characteristic pure cxlor, having 
less than O.OOO',';) acidity, calculated as acetic acid, and less than 
().(K)2% residue aker evaporation and drying at 10H° C.; and 
specific gravity at 20°/20° C., to l)e from 0.71? to 0.723. 

(d) Alcohol. Ethyl alcohol, 02.3'4i absolute (Sy wefght) 
will be used; it is to be of the lx‘st quality, clear and colorless 
with characteristic pure odor,•having less than O.OOO'/J, residue 
after evaporation and dry*ing at 100° C., and acidity less than 
0.01%, calculated as acetic acid. It shall be subjected to the 
silver nitrate test, as follows; 

K'n AgNt)i. c p. j 

gm. NaOH, c p V Make up to 1(K) cc. 

20 gni. NH,OH, c. p. } 

Ten^ CC. of the santple, diluted with 10 cc. of water, to be 
placed in a tight bottle and 1 Rrc. of the silver nitrate .solution 
added. Allow to stand one hour in the dark and examine for 
unreduced silver salts in clear solution, after filtering; if such are 
found, the alcohol (jpntains less tljan the allowable amount of 
aldehyde. • • ' 

The strengtlf of alcohol is calculated by the tfte o^the alcohol 
tables given'in the latest edition of Allen's “ComtnerciaT Organic 
Analysis.” , • 

(e) Ether and aloohol obtained from any of the manu¬ 
facturing processes as recovered solvent are, before use for colloid- 
ing, to be put in candition for fulfilling the requirements of (c) 
and (d). 

(f) Graphite. If graphite is used on the surface 8f powder 
grains, or is incorporated in the powder, it shall be dry, ground very 
fine, and shall not contain more than a trace of silicates or com¬ 
pounds of sulfur, and shall be free from sulfur and %cids. 

(g) Carbtmale oj Soda. The best quaKty of refined alkali, 
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free from* sijlfides, containing not less ’than 96% of NajCOj, 

calculated on dry samples, will be used. 

2.’Nitrocellulose—Manufacturing Processe/. (a) Quality. 

(1) The nitrocellulose in finished poacher lots shall have a nitra¬ 
tion of .12.00%, ±0.1%. These lots may be*made up by blending 
nitrocellulose which cbntains from 12.45% to 12.75% nitrogen 
and at least 95% solubility. i 

(2) It shall have a solubility of at least 95% at 15.5° C. in a 
mixture of two volumes of ether and one volume of alcohol both 
of the standard quality prescribed by these specifications. 

(3) It shall contain less than 0.4% of material insoluble in 

acetone. ' * 

, (4) IV shall leave after ignition, less than 0.4% of ash. 

(.5) It shall give a heat test of 05.5° C. with potassium starch 
paper, of at least thirty-five minutes. 

(6) It shall give a German tc°st a\ 135° C., with litmus paper 
of at least 30 minutes. 

(7) It shall contain no alkali, mercuric chloride, or other 
substances which will mask the heat test in ^ny way. 

■'*'(8) It shall be uniformly pulped, free from lumps, strings or 
. material of such consistency as to effect proper colloiding in the 
mixers. *' , 

(b) Nitrating. Cellulose df standard quality shall be 

thoroughly dried at a temperature not exceeding 110° C. When 
cold, this cellulose shall be nitrated in mixed nitric and sulfuric 
acids. After nitrating the'^oitrocellulose shall be washed with 
watir befc^e boiling. » 

(c) Pt^limVnary Boiling. The nitrocellulose shall next be 
boiled for at least 40 hours, with not less than four changes of 
^ater, in tubs so constructed that the nitrqcellulose^shall not come 
into direct contact with the heating coils i(or with the steam from 
the coils). There shall be complete ebullition, or boiling, over 
the entire surface of the tubs. No alkali shall be used in the 
preliminary boiling. 

(d) Pulping. The nitrocellulose shall next be pulped in 
fresh water, to which is added just enough sodium carbonate 
solution to preserve"4 sUght alkaline reaction to phenolphthalein 
solution, th» process to continue until the material is thoroughly 
and evenly pulped to a satisfactory degree of fineness and shows 
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a clean break when i handful is squeezetl and brokeft into parts. 
During the process the water sh|ill be changed to such an extent 
as may be net^ssary to remove impurities. , 

(e) Poaching. After pulping, the nitrocellulose |5ulp shall 
be run into the piBichers, settled, and the water decantetl. The 
nitrocellulose shall then be boiled for <1 hours in fresh water, 
during which time a total of jiot more than 10 gallons’of carbonate 
of soda solution for each 2000 pounds of dry nitr(x:ellulosc may 
be added at intervals; this solution shall contain 1 pound of 
carbonate of soda to the gallon. During this and all other boil¬ 
ing in the poachers the pulp .shall lie thoroughly agitated by 
mechanical stirrtrs. After boiling, the nitrocclluhKc shall be 
allowed to settle and the clear water decanted as completely as 
possible. The tubs shall then be filled with fresh water, tioiled 
for 2 hours, settled, decanted and refilled with fresh water. The 
boiling s.'iall then be continued for 1 hour, and this prex-ess re¬ 
peated three times, mating a total boiling treatment in the 
poachers as follows; 

Six hours’ boiling, with or without sodium carbonate, sgttle, 
change water. 

Two hours’ boiling, no soda, settle, change water. 

One hour boiling, no soda, settle, thange water. 

One hour boiling, no soda,*icttle, change water. 

One hour boiling, no soda, settle, change water. 

One hour boiling, no soda, settle, change water. 

Total, twelve hours’ boiling with six changes of water. 

After boiling, Jhe nitrocellulose shall have t(» cold»water 
washings, each* washing to consist of agitation, b^ mechanical 
means, foB one-half hour, in sufficient amount of fresh water, 
thorough settling and decanting the clear water; in decantingf at 
least 40% of the total^contents of the poacher shall be drawn off. 
A sample shall then be taken for subjection to the various tests 
prescribed for nitrocellulose. Should the nitrocellulose fail to 
meet the required heat tests, it must be boiled again with two 
changes of water, the time of actual boiling being •five hours, 
without the use of alkali, and must then be given the ten cold 
water washings in the manner preseribed far the regular treatment. 

The utmost cleanliness shall be observed ii^ manufacture. 
All machinery, tools, and appliances shall be kept in the condition 
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necessary to prevent the incorporation iif the nitrocellulose of 
foreign matter'of any kind. At all stages of the process the water 
used sh^l be clean and free from ^deleterious maV.er. 

.3. IXsting Nitrocellulose, (a) Sampling,. Each poacher lot 
or blend wilt be given a designating number. iA sample, of about 
150 gpi. dry weight, shaJl be selected by the inspector from each 
poacher chalge after purification is ^complete, and this shall be 
properly marked and sent for examination. If a lot or blend is 
made up by blending variods weights of nitrocellulose of nitration 
of 12.45% to 12.75% each nitrocellulose included therein shall be 
similarly sampled for analysis. 

(b) d 5 * 5 ° C. Heat Test with Potassium Iodide Starch Paper. 
llie sample shall b« pressed in a clean cloth or wrung in a wringer, 
if it contains a large excess of water. The cake shall be rubbed 
up in a cloth until fine, taking care that it does not coihe in contact 
with the hands, spread out on clear; paper trays, and dfied in an 
air bath at 35° to 43° C. for a sufficient length of time to reduce 
the moisture to the amount required to give a minimum heat 
test, this amount being from 1.5% to 2%. If, as sometimes 
happans in dry weather, the moisture has been reduced to less 
than 1.5% the sample shall be placed in a moist atmosphere for 
a time not exceeding two Vours, until the required moisture per¬ 
centage is obtained. The whole \jme of drying and making the 
test shall not exceed eight hours. 

'fhe dried sample for the heat shall be weighed out in five 
test tubes 1.3 gm. (20 grains) to each tube, so that a series is 
obtained co^gring the widest'variation allowed'for moisture. 
These tubes are* stundard, 5Vj inches long, '/« inch internal 
diameter, UnS inch external diameter, closed by a,clean cork 
stepper, fitting tightly, through which passes a tight glass rod 
with platinum holder for the paper; corks a're discarded after one 
test. The nitrocellulose is pressed or shaken down in the tube until 
it occupies a space of V’U inches. The test papers, about 1 inch 
in length and ’/s inen wide, are hung on the platinum holders and 
moistened tn the upper half with a 50% solution of pure glycerol 
in water. The heating bath, carefidly regulated at 65.5° C ± 
1° C., is placed so thpf a briglit, reflected light is obtained, and 
tubes placed in the bath. As test continues a slight film of 
moisture condenses on, inside of tubes, and line of demarkation 
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betwwn wet and dry test paper is kept abreast the*lower edge 
of th^'»noisturc film. The first appearance of discoloration of the 
damp portion of ■'he test paper marks the end of the test ^^m each 
separate tube, the minimum test of any one of the five tubes being 
the heat test of the nitrocellulose.* The di.scoloration is to be 
greater than that obtained at the same* time by a, blank*test. 
Standard test papers will b« used and will be funiished by the 
department to manufacturers. The standard water bath holds 
ten tubes and is made long and narrow, to reduce to a minimum 
the heating of the upper portion of the tubes, ’rhese tubes arc 
immersed in the bath to a standard depth of 2 . 2 .') inches. 

(c) “German'^ Test at /J 5 ° C. A sample of nifrocellulose 
shall be dried at ordinary laboratory temperature over night* and 
for the heat Vest; 2..') gm. of the material are to be pressed into the 
lower 2 inches in each of the two tulies, of heavy gla,ss about 21)0 
mm. long, IH mm. outsidi; diameter and 1.5 mm. inside diameter, 
closed with a cork stopper through which a hole 4 mm. in 
diameter has been bored. A piece of standard blue litmus paper 
70 mm. long and 2U mm. wide is placed in each tube, its lower 
edge 25 mm. above the cotton. Wlien the constant temperature 
bath has been carefully regulated at 134.5° C. * 0 . 5 “ C. theso 
tubes arf placed in the bgth so that not more than 6 or 7 mm. of the 
length projects from the bath. •Examination of the tube is made 
by withdrawing about one-half its length and replacing quicMy, 
each five minutes, after twenty minutes have elapsed. 

The bath must ]fe placed in a good light and with a suitable 
background. The standard litmus papers will be fbrnished by 
the department.* The test shall*be considered comple|ed when 
the litmus jJaper is entirely reddened, and the* minimum test 
of either tube shall bejtaken as the test of the lot. The standafd 
red color must not be obtained in less than thirty minutes. 

(d) Nitration. The nitration will be determined on a 1- 
gram sample of nitrocellulose after drying for an hour and a half 
at 95° to 1(X)° C. or in a vacuum dryer after a thorougjh air dry¬ 
ing. The nitrocellulose is to be washed into a du Pont nitrometer 
by 20 cc. of HiSO< and the per cent, of nitrogen determined by 
comparison of the gas given off wfth a st^dard volume. The 
acid Used shall be c. p. sulfuric acid containing 94% to 96% H 1 SO 4 . 

The nitrometer is standardized by preparation of a calculated 
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volume of dr 3 - air at a temperature of 20° C. and 760 mm. pres¬ 
sure af 20° C. in the; comparilson tube. AVheiypure potassium 
nitrate'is tested with the standard sulfuric acid against such 
comparison tube, the nitrogen figure shoul<f iijvariably be 13.8.'5%. 

(e) 'Ash and Orf^anic Residue. Ash will be determined by 
decomposing the nitrocellulose with nitric acid, igniting and 
weighing the residue. The per cedt. of organic residue will be 
obtained by dissolving 1 ^m. of nitrocellulose in pure acetone, 
filtering by decantation, and finally, on an asbestos filter, drying 
and then determining the loss by ignition. 

(f) htfoluhle Nitrocelhdose. 'I'he amount ^)f insoluble nitro- 

eellulose will be determined by soaking 1 gm. of the dry sample 
overnight In alcohol. On the following morning the mixture 
will be brought to 1.5..')° C. and a sufficient amount nf ethyl ether, 
at the same temperature, added ^to make the mixture of ether- 
alcohol 2 td 1, by volume; the mixture is to be kept at 1.5..5° C. 
for one hour. The insoluble nitrocellulose is then to be filtered 
off and weighed, a correction for the ash and organic material 
insoluble in acetone being made. • 

When the amounts of insoluble nitrocellulose and organic 
‘residue are very small, comparative volumetric readings may be 
made in long tubes, allowing the insolubte material to settle after 
regular treatment for solution in ftie solvents. The lower portions 
of* these tubes are constricted to one-half inch in diameter, 
cylindrical shape, and graduated by direct weighing of residue. 

jg) Solubility. The amount of soluble nitrocellulose will be 
found by subtrj^ctijag the sum of the ash, organic residue, and in¬ 
soluble nitrocellulose from 100%. 

(h) Acceptance. Tots of nitrocellulose, which after chemical 
examination have been found satisfactory? shall bo. provisionally 
accepted, subject to the powder made* therefrom successfully 
pas.sing the specified ballistic and chemical tests. 

United States Specifications for Nitrocellulose or Pyroxylin. 

The cpecifications for cotton before colloiding are, nitrogen 
12.6 -|- or —0.2; solubility 9.5% in one part alcohol to two parts 


ether by volume.; heat test 30 minutes at 65.5° C.; test with litmus 


for 30 minutes at 135° C. 


Specifications for nitrocellulose powder: 

Volatiles 3.8%, normal dryhobse conditions; 0.4% diphenyl- 
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amine; test with litmus for one hour at 135° C., l^owder should 

not explode within four hours gt 135° C. 

^ • 

In the powder some i^riation from true plat]/! must be 
allowed for warding or curling (say, one second on the width 
ordinate of curve). * 

British Specifications for Guncotton. 1. fihc guncotton 
should, in ever)' respect, lie equal to the guncotton manufactureil 
at the Royal (lun Powder I'actory, JA'altham Ablx:y. 

2. If the displacement jirocess is in use, a period of at least 

‘I'h hours for nitration is required. The giuH'otton should be 
boiled according to the following scheme. • 

12 hours plus 12 hours plus 1 hrs. plus 4 hrs. jilus 4 hrs. plus 
4 hrs. plus 2 hrs, A convenient proportion is 1 gal. fo 1 lb. 
cotton. After boiling, the wash water is displaced upwards by 

cold water for the next boilitig. 

♦ 

The guncotton must be boiled in the unpulped condition, as 
it comes from cold water washing after nitration. It is essential 
that the first boilnig of 12 hrs. should be conducted in ao acid 
solution approaching in strength P on the guncottoif I'liis 
acid is normally disengaged from the guncotton. 'I'lie nj-'xt 
boiling may be slightly acid, but the final boilings must be in 
water with an alkalinity of al*)ut 27 parts as (CaCOj) per 1()(),()(H). 
If the natural alkalinity of the water be less than this, it ^ould 
have NajCOs added to it, to bring it up to the erjuivalent of 27 
pts. CaCGa per 100,1)00. Should the water be a hard one, it may 
be found that thj; required residual CaC(),i has 4)een deposited 
on the fiber. ‘If this is not tjn case, the deriert from the ((uantity 
required .by this specification may b»^ added by working in 
chalk in the poacher, or by adding to the water in the poacher a 
small quantity of ijalcium hydrate solution and precipitating 
CaCOj from this on to the fiber by means of Na 2 C 03 solution. 
Soluble alkali sheuld be wa,shed out by water. 

3. The guncotton must be free from grit and should not con¬ 

tain any mineral other 'than that naturally* present in 
cotton, or taken up from the wash water, and such as may un¬ 
avoidably have been taken up frohi the machinery employed in the 
manufacture. . 

The total quantity of mineral piatter contained in the gun- 
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cotton must nol^ exceed one per cent by weight. 

This is determined by mixing a suitable restrainer such as a 
strong soltjtion of ammonium sulfite, igniting (?ff all organic 
matter and sulfating the ash. * , 

4. Th& guncotton must be free from unconverted cotton, and 
from aH matter not permitted by the specification. 

,'). Alkalinity. The guncotton milst contain from 0.2% to 
0.4% of CaCOj, calailated oi^the'dry material and estimated by 
the following process. 

Shake 10 gm. of guncotton for 1 hr. with 100 ce. N/10 HC! 
and 100 cc. distilled water in a tall glass cylinder; settle for 1 hr., 
remove 100 cc. of the clear liquid by a pipette, and titrate with 
N/IO htaiiCOjrasing methyl orange as an indicator. 

The alkalinity of the sample is calculated as % ofiCaCOj on 
the dry guncotton from the volume of standard acid neutralized 
by the guncotton. , ' 

6. Nitrogen. The % of N is to be calculated on the gun¬ 

cotton free from mineral matter, and is not to be less than 12.9% 
nor more than the estimation being carried out as follows: 

Ab?lut 0..") to 0..')2 gram of perfectly dry guncotton, very 
finaly divided, is weighed in a stoppered weighing bottle; .1 cc. 
of pure 90% sulfuric acid ai’e added and ^tirred with the_ gun¬ 
cotton until the mixture can be pouled into the cup of a 150 cc. 
nitrometer. The residue in the weighing bottle and nitrometer 
cup is washed into the nitrometer with a further 9.5 cc. of acid 
in several portions, 0.5 of distilled water being ^added to the last 
portion of the tfeid. 'Hie nitrometer is then shaken and when the 
reaction is ^oijipleied and the temperature has bfecome steady 
the volume of nitrih oxid^t gas is measured and reduced to 0° and 
760 Tnm. pressure. From the volume the % N in-sample is 
calculated. < 

The gunrotton for the nitrometer test must be taken from 
the poacher before alkaline matter is added. » 

7. Soluble in Ether-Alcohol. The % of nitrocotton soluble 
in ether-alcohol is not to exceed 12% on the dry guncotton. The 
estimate is carried out as detailed in Chapter XI. 

8. Organic Matter Insoluble'in Acetone. The % of organic 
matter insoluble, in acetone is not to exceed 1% on the dry gun¬ 
cotton. The total insoluble jn acetqpe'is determined, and the 
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loss on ignition aftur converting the ash into carbonates is re¬ 
ported as organic matter insoluble in acetone. * 

9. Sulfat^- The total splfate presl'nt, calailatejl as sul¬ 
furic acid on drj' cotton, must not be more than if.V'/,, when 
estimated by the following proces;*. 

5 gm. of guncotton are dissolved in iO cc. of nitric acid,sp. gr. 
1.5. When solution is cojnpletc a few crystals of KClOj are 
added to the solution, which is evaporated nearly to dryness over 
an argand burner; 5 cc. HCl are aflded followed by 0.5 gm. of 
KClOj in successive small portions and the mixture evaporaterl 
almost to dryness. The treatment with HCl and potassium 
chlorate and tl* evaporation are reix-atcd, the residue is dis¬ 
solved in water, filtered and sulfuric acid estimated in the filtrate 
which should measure 1.50 cc.; the BaSOi ppt. is allowed to settle 
over night. A blank estimation of sulfate is made on all reagents 
and the,,result subtracted. • 

10. Heat Test. As laid down in Cordite specification PUilC. 

11. Will test. 

The guncotton when subjected to the Will test (for details 
see Robertson, J. fi. C. 1. lOOO, SIO) should disengage fn»m 2.5 
gm. not more than 0.5 mg. of N in 4 hrs. 

Freinch Guncotton and Smokeless Powder Requirements. 

• 

1. Raw Materials. Cellulose, shall contain not more than 

0.4% of extractive matter and not more than 0.,S% of ash. 
It is to be uniform and clean, and contain not more than traces of 
lime, chlorides or sulfates. ,• . » 

^ 9 

2. Acids. ^ mixture of sulfuric and nitri# acids containing 

no metallic salts other than salts of iron, and no^mote than traces 
of chlorine compounds shall be used. ' , 

3. Ether. Ethyl ether will lie used, containing no impurities 
other than small quantities of water and ethyl alcohol the ether 
to be clear and colorless, with characteristic pure odor having less 
than 0.006% acidity, calculated as acetic acid, and less than 
0.002% residue after evaporation and drying at 100° C. the 
sp. gr. at 20" C. to be from 0.717 to 0.723. 

4. Alcohol. Ethyl alcohol will be u^d containing not less 
than 92.3% ethyl alcohol by weight, to which shall have been 
added 0.5% benzol. The mixture .shall give not more than 0.006% 
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residue at 100° C. acidity not more than 0.01% calculate as acid. 

5. Ether or Alcohol. Before use for colloiding to be put in 
condition, for fulfilling the requirenjents of (3) andf(4). 

6. G/aphite. If used shall be dry, ground ve^ fine, and shall 
contain npt more than trace of silicates or compounds of sulfur 
and shall be free from sulfur and acids. 

7. Carbonate of Soda. The besj quality of refined alkali, 
free from sulfides containing not less than 96% of NajCOa calcu¬ 
lated on dry samples Will be* used. 

1. Nitration of Cellulose. Nitrocellulose shall contain not 
less than Vl.h% nitrogen, and shall have a solubility of at least 
80% at l.').6° C. in a mixture of two volumes of ether and one 
volunie of alcohol, both of the standard quality prc.scribed by the 
specifications. 

2. It shall contain not more than 0.4% material insoluble in 

acetone. . ' i 

3. It shall have after ignition less than 0.4% ash. 

4. It shall give a heat test of O.!” C. with potassium iodide 
starch paper, of at least 3.') minutes. 

bfi- It .shall give a stability test at 13.7° C. with normal methyl 
vjolet paper, of at least 25 minutes. 

0. It shall contain no Ukali, mercuric chloride, or other sub¬ 
stance which will ma.sk the heat tcf,t in any way. 

J. It shall be uniformly pulped, free from lumps, strings or 
materials, of such consistency as to effect proper colloiding in the 
mixers. 

Bvitish Admiralty Specifications A-121 f§r Gfincotton Slabs 
for Mines. 1. The'cotton waste.used in the manufacture of the 

, r * • 

guncotton is to comply^with the specification in Apperydix I. 

V 2. The guncotton of which the primers and slabs are made is 
to comply with the following conditions, wljich will be determined 
as laid down in the several tests in Appendix V: 

(a) Nitrogen. The percentage of nitrogen,is to be calculated 
on the guncotton free from mineral matter and is not to be less 
than 12.0% nor more than 13.2%. 

(b) Soluble in Ether-Alcohol. The percentage of nitro- 
cotton soluble in ether'.alcohol.is not to exceed 12% on the dry 
guncotton. , 

(») Organic Matter htsoltible in^ Acetone. The percentage of 
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organic matter insoluble in acetone is not to exccgd 1% on the dry 
guncotton. 

(d) Alk\itity. The totel alkalinity calculated a|*pcrcentage 
of calcium carbonate is not to be less than O..S‘/p, nor greater tlian 

on the dry*guncotton. * 

(e) Mineral Mailer. The guncotfon is to be, free frtmi grit 
and is not to contain an^ substance other than that naturally 
present in cotton, or unavoidabty ti^en uj) from the water and the 
machinery employed in the manufacture. 

The total mineral matter present is not to exceed 2% on the 
dry guncotton. 

The most suitable method of adding alkaline matter will 
probably be found to be as follows: 

After, the pulp has been washed, sterilired, and purihed in 
the usual way, the wash water is to be removed, and so much 
of a cliJhr saturated solution of lime water is to be added as will 
give, as a final alkaline content, the prescribed amount. The 
pulp is to be thoroughly stirred up in this lime water, and a .solu¬ 
tion of carbonate tif scKla, sufficient to precipitate the whole'of the 
lime, is to be added; the pulp is then to be again well stin?d up. 

After this stining, the soda salts arc to be removed by. at 
least .three washings., ’ 

If any departure from'this method is desired, a detailed 
description of the procedure it is proposed to adopt must be 
furnished to, and the written sanction of the Army Council 
obtained. , , 

(f) Heat Test. The guncotton, cither in th(* form of pulp, 

or when compressed into primers or slabs, is fo .st^n^ a heat test 
as laid dbwn in Appendix V (I) of no^lcss tfian 10 minutes at 
170° F. (70.7° C.)., * 

3. The guncotton shall, in every respect, lie equal to the 
guncotton manufactured at the Royal Gunpowder Factory, 
Waltham Abbey. A sample from each poaching of guncotton 
will be selected by an officer of the Royal Gunpowder Factory, 
Waltham Abbey, for the purpose of carrying out (he tests laid 
down in paragraph 2, and a test number allotted to the poaching. 
The contractor will be informed bf the result of the test, and any 
poaching not giving satisfactory results will be r^ected. 

4. The guncotton will be issued in the form of "pulp” con- 
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taining a maxiipum of thirty five to forty per cent' of water. 

Unless specified herein that ^he packing cases shall become 
the property of the War Office, they will remain ^le property of 
the contractor, who will be responsible for their removal. Should 
they not be removed within twb months of the'Acceptance of the 
stores,‘they will be dispdsed of, and in such circumstances the 
contractor will not be entitled to makt"; any claim for compensa¬ 
tion. 

t. 

The packing cases must be marked “Returnable” or “Non- 
returnable.” 

5. The Superintendent Royal Gunpowder and Small Arms 
Factories wilf, on application, afford the contractor^iny information 
in his power yhich ihay facilitate the completion of the contract. 

6. The guncotton may be inspected during manufacture by, 
and after delivery will be subject to testing by, and to the final 
approval of, the Superintendent Royal Gunpowder ami Small 
Arms Factories, or an officer deputed by him, who will be at 
liberty to take samples of any of the materials used, or of the gun¬ 
cotton itself, at any stage of its manufacture. 

7. 'fhe contractor will be required to supply, free of charge, 
sufficient guncotton for the purpbse of examination and testing. 

'fhe British Army Ortnance Service^ Regulations of War 
Office Regulations, 1914, Part 2, page 89, gives the following for 
the ecamination of dry guncotton and tonite ; 

42.'). Every six moEths (about the 31st March and 30th 
September) at tropical stationSj.,and every year at non-tropical 
stations, one cylinder from each of half the number of packages of 
all dry guncotton ^nS 10% of tomtf charges fron? each package 
in every store, will be i^pected and tested for free acid, and re- 
portS made on A. F. G. 931. 

426. At each subsequent inspection, the proportion of gun¬ 
cotton to be inspected is to be taken from packages and cylinders 
not previously opened, so long as such exist, and afterwards in 
the order of date of the previous inspections. 

427. The inspections should be conducted in a locality where 
the atmosphere is not damp. 

428. To test the guncotton,’ remove it from the package and 
apply a piece of,blue litmus paper, which has been moistened with 
dean water, to the face of one of the ppmers, a small portion of the 
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surface, if coated with paraffin wax or gelatinize# with acetone, 
being removed,^nd then press afiother pwmer upon it. If gun¬ 
cotton yam is Wing tested, the moistened test paper itiould be 
laid in a fold of the yam which must-be turned back and held down 
against the paper by the forceps. , , 

429. If the litmus paper remains blue, or if it is dot decidedly 
reddened, remove it, mb aiJay ^;iy yioisture, and dry the gun¬ 
cotton with a piece of clean cotton waste o» by repeatedly press¬ 
ing some clean blotting paper upon it; replace the guncotton, if it 
has been removefl, and close up the cylinder. 

430. If the p^per becomes red, the guncotton sffipuld be de¬ 
stroyed by burning as laid down in paragraph -^40. If this cannot 
be done at once, the whole contents of the cylinder sllould W im¬ 
mersed in wSter and destroyed as s<.>on afterwards as possible. 

431. Should any guncottcyi redden the test paper, the whole 
of the cylinders in its package, and also a further proportion of 
10% of the cylinders similar to that in which it was found, will 
be inspected. If by this inspection any further defective ^n- 
cotton is found, the*whole of the cylinders in store are to'j^ in¬ 
spected and action taken as in paragraph 430. 

Prussian Regulatio^ts Regarding Moist Nitrocellulose.^ 

Moist nitrocellulose, also iflcluding moist collodion cotton, is 
considered to be an explosive and is subject as such to the Pdlice 
Orders Concerning the Trade in ^xploSives of September 14, 
l‘.W5, and the Schedule C of Railroad Transportation of D^em- 
ber 23,1908. As mffist nitrocellulose has not int;luded in the 
ordinance adopted by the Bundestath on April 29, 11M)8, and which 
concerned Aainly explosives, wet nitrocelnilose sliall be dispo^ 
of only to persons holding a police permit for the possession of 
explosives. The amouflt of such explosives has no bearing on the 
subject. 

1. Ministerial rtiblication, Commerce and Trade, Nov. 21, 1910. 




CHAPTER XI. 

ANALYTICAL DE^TERMINATIOWS OF THE CELLULOSE 
NITRATES. * 

» 

The tests detailed in this clmpt«|- are primarily those as ap¬ 
plied to nitrocellulose in the non-colloi(! state’as distinguished from 
the colloided cellulose nitrate smokeless powders and explosives. 
For this reason the ballistic and other similar tests^are omitted 
herein, being reserved for eonsideration with the volume (VII) 
dealing specifically with nitrocelIulose-cont»ining ^ explosives. 
Similarly, tl^se tests of especial moment in connection with 
celluloid and other thermoplastic nitrocellulose combinations are 
given in AJol. V; those of pyrdkylin lacquers, waterproofing solu¬ 
tions, bronzing liquids, leather coatings and artificial leathers, in 
Vol. III. 

The analytical examinations detailed in this chaptw, are 
therefore, intended broadly to cover nitrocellulose as such,With¬ 
out especial significance being attached as to the particular tech¬ 
nical use to which the product is to be applied. 

Det'ection of the Cellulose Jlitrates. Practically all propel¬ 
lent explosives contain or consist of nitrocellulose, either super¬ 
ficially or wholly gelatinized, the majority containing at least 
50%, and in the form of nitrated cotton. In admixture the nitro- 
celluloses may be differentiated from nearly all other nitrSgen- 
containing boditfs by the fact, that they are* iiftoluble in ethyl 
alcohol, amyl alcohol, ether, ehlorofonn, qarbon a;etracfiloride or 
benzene, but are soluble in a mixture of alconol and ether, methyl, 
ethyl or amyl acetates, or acetone. Colloided nitrocellulose is 
recognizable by its hard, tough nature, and homy feel. The various 
nitrocottons are nat quantitatively separable from each other, 
either by physical or chemical means, nor can they be isolated 
in a pure state. Nitrogen percentage determination! give but 
the sum total of nitrogen in Jhe various cellulose nitrates com¬ 
prizing the mixture under examination. • • 

Ungelatinized nitrocellulose is recognized by thejnicroscopical 
structure of the cotton filament, combined width solubility deter- 
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minations, bfit it must be remembered that cellulose may also be 
acefated without appreciable change in the phvsical appearance 
of the cotton filament, but such esters are distinguished from nitro¬ 
cellulose by their decreased ii|fiammability and absence of nitrogen. 

The differentiation of cotton from nitrated cotton polarimet- 
rically, has'already been discussed herein. 

Determination of Moisture. A carefully selected, repre¬ 
sentative sample is taken, quickly rubbed to a fine powder by 
hand, and pressed through a fine metal sieve. The finely divided 
sample of nitrocellulose thus obtained is dried on a watch glass, 
or alumin.’u'm or paper tray at a temperature of 45°-55° until 
constant weight is obtained. 

The riioisture content will usually fall within the limits of 
l%-4.5%. All analytical results are calculated ofi the basis of 
the dry substance. The actual time of heating to dry the 
nitrated’cellulose will depend, of course, upon the initial moisture 
present. With "stove” samples, i. e., nearly dry guncotton direct 
from the stoves, the moisture content is usually below 1%, and 
for s)xh the following method of moisture determination is recom¬ 
mended. About 5 gm. of fhe dried stock is placed in a tared 
aluminium dish with a tightly fitting aluminium lid. After weigh¬ 
ing, the dish and contents are placed in a steam oven (temperature 
95°-100'’) with the lid removed for one hour. The lid is then 
replaced, dish and contents cooled in a desiccator for 20 minutes 
and re-weighed. 

.\ccording to the U. S. Ordnance method of testing, the 
moisture in nitrocellulose is determined by spreading 10-100 gm. 
nitrocellulose evenly out on a paper tray, which is placed in a 
ryater oven at 95°-lCJ° and dried, until no further loss in weight 
takes place. 

The nitrated cotton from a Selwig and Lange centrifugal 'will 
show 20%-30% of water, that from a hydraulic press 18%-25%, 
depending upon the fineness of the pulped hitrocotton, and the 
pressure exerted; while an air-dried nitrocotton will seldom exceed 
3%. Guncotton (13% N) as for cordite manufacture, is usually 
desiccated to a moisture content not exceeding 1%.* 

N. Hansen’ has determined the moisture content of nitro- 

1. For tne moisture content of nitrocellulose powders, see Vol. VII 

of this series. * 

2. -Zts. &hiess. Spreng. 1911, «, 461; abst. J. S. C. I. 1912, M, 47; 

' ' • * 
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cellulose powders of various sizes by drying samples in their nor¬ 
mal condition f<^r 3 hours at 80°,* then placing them in a maga¬ 
zine for 12 days'^ and subsequently weighing them daily during 
the course of a ytsf. Taking the ^verage for the whole of the 
year, the results show that the amount cjf moisture absorbed (y) 
is proportional to the surface of the powder exposed,* and can be 


represented by the equation: y 


*^,fcrherc * is the diameter of 


the grains in millimeters. This law does not hold below a diameter 
of 0.8 mm., in which case it was found that the amount of moistiue 
absorbed was'conatant (about 2.1%). The results weje obtained 
with nitrocellulose powders containing 12.7 %-d2.8% of nitrogen. 

Determination of Viscosity. As has been statid, the vis¬ 
cosity of a cellulose nitrate solution is an important commercial 
means of (Jetermining as to the particular use to which a given 
nitrocellulose is best adapfed. Uniformity in pyroxylin lacquers, 
film production and coating compositions are impiossible where the 
viscosity (“flowable qualities”) and total solids in the sfdutjon 
are not accurately khown. The viscosity of cellulose in cupram- 
monium solution is also a valuable criterion as indicating the 
suitability of the material for nitration (see this vol., page 46). 

For*solutions of Ipwf viscosity and containing up to 5 ozs. pier 
gallon of total organic solids, a simple form of viscosimeter is 
sufficiently accurate to give definite comparable results, the more 
delicate viscosimeters of Redwood and of Sayboldt being hardly 
necessary. The priftciple, howevef, of allowing a gjven volume 
of fluid to pass tlurough an orifice of predetehnined diameter at 
a given teiqpierature, is maintained in all the ini^ruAehts which 
have been advocated for this purp>ose.‘ 'k • 

For nitrocellulose,solutions of low viscosity (thin-flowing 
mixtures), this constant may be appiroximately determined by 
measuring the tim^ required for a standard amount of the solu¬ 
tion to flow from the pipjctte under compiarable conditions. R. 
Fric* determined acetone isolutions of nitrocellulose and nitro- 


C. A. 1912, 6, 931; Chem. Zentr. 1912, «$, I, 759; Chem. Ztg. Rep. 1912, M, 
173; M^er Jahr. Cbem. 1911, 21, 3«2. 

1. W. WiU, Zts. ang. Chem. 1919, «2, 133;Bj)st. J. S. C. I. 1919, 31, 

479-A; Ann. Rep. Soc. Chem. Ind. 1919, 4, 638; Chem. Zentr. 1919, W, 
IV, 99. • 

2. Compt. rend. 1912, U4, 31; abst. J. S. C. I. 1912, 31, 92; C. A. 
1912, t, 2631; 1913, 7, 701 J. C. S. 1912, 112, i, 73; BuU. Soc. Cbim. 1912, 
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cellulose powders by noting the time required for 25 cc. of the 
solution to flow through a 2 nim. capillary tube, 20 cm. long.‘ 

A 5^ 6c. glass stopcock burette or separatory funnel with 
the aperture in the stopcock made quite srogll, is used for the 
more fluid solutions, the time required to empty from one mark 
or graduatioft to another being recorded. As the results are but 
comparative, no definite sl,andard h'ds been adopted. Viscosity 
determinations are usually cnade in attempts to duplicate given 
mixtures, or to bring to an arbitrary but definite standard, as 
regards fluidity, various nitrocotton mixtures. Acetone is taken 
to dissolve ^He nitrate, in testing for films and, coating composi¬ 
tions, and usually ^ combination of amyl acetate 65 and benzine 
35 pafts (bf volume) for lacquers. The liquid to be examined 
is first brought to a definite temperatme, usually 25° being taken, 
a small amount poured into the apparatus and the sides carefqlly 
wetted by means of a brush to remove any air bubbles which 
might adhere and appreciably affect the reading. The viscosi¬ 
meter is then filled, time given for air bubbles (if any) to rise, 
and tyt time for a given volume of liquid to run out of the ap¬ 
paratus, or to fill a receptacle pf known capacity placed under the 
ifistrument, determined by^means of a split-second watch. There 
are two sources of error in this method. The evaporation of 
solvent while passing through the' air may be sufficient so that 
duplicate determinations with the same sample are inadvizable, 
or the solution may be so viscous that a large portion may adhere 
to thqsides of the instrument.' , . 

The principle rf the Cochins viscosimeter (Fig. 283), con¬ 
sists in msasoring the time required for a bubble of air to ascend 
a certain distance up fee tube. The apparatus is filled by open¬ 
ing the stopcock 6, and pouring in at, o, after removing the stopper. 
The size of the air bubble is determined by the height to which 
the tube is filled and by the graduations 1, 2, 3, a convenient size 
bubble being 2 cc. Stopper, o, is inserted, cock) 6, closed, and by 
turning the stopper the boring is brought opposite the little open- 

U, 820; Chem. Zentr. 1012, SS, I, 694; Chem. Ztg. 1912, 2S, 149; Meyer 
Jahr. Chem. 1911, 21, 341; Zts. Schiess. S^reng. 1912, 7, 394. 

1. The following eoniparative results are given (In seconds): C<d- 
lodion cotton (69,3); «5ter 7Vi hours’ heating at 80° C. (87.7). Guncotton 
(210); after 7V< hours' heating at 80° C. (99). French service black powder 
(36); after S hours’ heating at 110° C. (2i). French sporting powder (94.8); 
alter 12 hours' heating at 110° C. (33.3). 
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ing in order to relieve any internal pressure. The stopper is then 
tightly shut, and the apparatus inverted and fastened. The 
bubble is now just below the stopcock. By quickly tij^ing the 
cock through 90° ij is fully opened, the bubble begins to rise, and 
by means of a split-second watch the time required for the center 
of the bubble to pass from / to g is observed. 

The number of seconds required fpr the 


1 for 
tlfc ^ 





bubble to pass from one mark to tlfc othqr 
may be called the viscosity number. The 
distance from / to g is arbitrary, it being evi¬ 
dent that the lojger the distance the more 
closely concordant will be the results. I'lom 
0.8-1 meter length between / and g and 
100 cc. caplKity are convenient dimensions. 

In the absence of such an instrument a glass 
tube of about 2 meters •in length may be 
taken, of 40-80 mm. internal diameter, one 
end being closed, the other stoppered. A 
mark is made by scratching the glass about 
25 mm. from each end. The heavy solution 
having been reduced to the desired tempera¬ 
ture fo» the observation, is poured into the 
tube until the latter is nearly^ull. A small 
sphere, usually a marble or steel ball from a 
ball-bearing wheel, is thoroughly rubbed 'Mth 
the solution in order to disentangle the air 
bubbles that m^ht* otherwise cling to the 
ball, then dropp^ into the solhtion in the 
tube, which*is then stoppered. By invertir^, 
the time can be deteimined of the passage of 
the ball between the* marks on the tube.' 

This apparatus, while apparently crude, is 
nevertheless susceptible of quite accurate work, and possesses 
the added advantage of allowing any number of duplicate deter¬ 
minations to be madf by simple inversion of the tube.* 

1. The accuracy of the tenlperaturc of the solution is an importwt 
factor. Lunge records an instance whefe a pyrerylin solution gave a vis- 
conty of 20 J 5 seconds at 14°, while with a rise in temperature to 26.^°, 
but 14.18 seconds were required. From this it is seen thateviscoaty rapidly 
decreases with increase of temperature. • 

8. An alternate method is to use, instead of a ball, a float nearly the 




Wafer & • 
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When theo viscosities of various types of nitrocelluloses are 
compared, it is customary to usS; a series of viscosimeters of this 
type constructed so that the time of fl^w may''Vary. Thus F. 
Baker' has determined the viscosities of nitrocellulose solutions, 
mostly of concentrations not exceeding 2%,® using an apparatus 
of the above' type, of such a construction that the interval meas¬ 
ured varied from 100 seconds to 20 fhinutes. The viscosities of 
the solutions varied from (fc003 to 40 C. G. S. units. For the 
standardization of these instruments, water, glycerol and mono-, 
di- and triacctin were used for comparative measurements, thus 
avoiding the Introduction of short interv'als of time. • 

A modified viscosimeter of the Oswald type has been de- 

» I 

size of the tube, and used in a manner similar to an Krdmgnn float in a 
burette. The speed of motion of the float can be regulated by its diameter, 
i. e., tlie more nearly the diameter is to-that of the tube, the more slowly 
will the float ascend. 

1. J. C. S. im, 103, 105;i; aKst. C. A. 1913, 7, 4069; J. S. C. I. 1913, 
32, 991; Bull. Soc. Chim. 1913, 14, 1475; Chem. Zentr. 1913, 84, II. 1855; 
Meyer jahr. Chem. 1913, 23, 530 

2. . The nitrocelluloses used were selected samples of products pre¬ 
pared on a large scale, viz.,«(a) blasting soluble uitro«ellulose, as used in the 
manufa^cture of blasting gelatin, 11.85% N, completely soluble in ether- 
alcohol; (b) highly soluble nitroccUnlose, as used in ballistite, 12.38% N, solu¬ 
bility in ether-alcohol, 97.4%; (c) guncotton prepared for the manufacture 
of cordite, 12.98% N, solubility in ether-alcohol, 9 6%. The solvents were 
acetone, ethyl formate, methyl, ethyl, propyl and amyl acetates, elthyl bu¬ 
tyrate. acetoethyl-o-toluidc, ethyl-fj-tolylethylcarbamate, ethyl phthalate, 
alcohol-ether, methyl alcohol-ether bcnzylalcohol-ether, and methyl alcohol- 
anisole. The methyl-o-tolylethylcarbaraate (tolylethylurelhane) was pre¬ 
pared by the action of ethyl-o-toluidiue on ethyl chloroformate; it is a color¬ 
less oil, boiling at 257® C. at 755 jnm. Vhenylethylurethane (b. pt. 249® C. 
at 760’ mm.) was prepared in a sinlilar way. Both cohpounds readily dis¬ 
solve the "solunle" Jfinds of nitrocellulose. The visedsities were determined 
in a scries of vj^osimeters of the Ostwald-Poiseuille type and the results are 
given in taBles. The variation of viscosity with the Concentration of the 
solution is shown to follow^he law: ri = ijo (1 + where and n© are the 
viscosities of the solution and the solvent respectively, c isihe concentration, 
and a and k are constants depending on the nature both of the solute and the 

solvent. For comparing different solvents the value of was found 

dc 

most convenient. The variation of this constant wfth different solvents, 
using the same nitrocellulose, indicated that the better the solvent the lower 
the viscosity of the solution. Nitrocelluloses prepared from mercerized 
cellulose have a much lower viscosity than those from normal cellulose, 
and the rimitarity of the viscosities of cup^mmoniuni solutions of mercerized 
ceUifla» and normal cellulose respwtively, observed by H. Ost (Zts. ang. 
Chem. 1911, 24, 1892; abst.'*J. S. C. 1.1911, 30, 1247) cannot be due to chem¬ 
ical identity of riie two products, as suggested by him, but probaWy to a 
change in normal cellulose |)reccding or aepompanying its sdution in cupram- 
monium. • 
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scribed by A. Speedy' (see I'ig. 28-4), in which Ahe m<Trks are 
placed above the surface of thf ifquid which, there¬ 
fore, need not be transparent. The apparatus con¬ 
sists essentially o^ a piece of glass tubing drawn 
out to form a capillary and lient inis I'-shape,' 

The constant of the instninjent is obtained by cali- * 
brating with pure phenol or sulfufic y'id.* 

As the viscosity alters greatly with compara¬ 
tively small changes in temperature, it is almost 
imperative to have the viscosimeter immersed in, 
some form of thermostat during the reduction of 

t. J. S. C. I. 191.^ 34, .WT; al>st C. A. 191.'), f, 219(1;. 

J. C. S. U1I5,108, ii, iitll 

2. The Aiquid, the viscosity ol wliich is to be deter- 
mined, is filtered into the viscosimeter, whicli is clam]K-(l 
vertically i* the bath so that the* level marks na' are iust 
above the surface of tlic heartiiK liquid The batli is then 
heated to the required temi^erature and after a few minutes 
the levels aa' arc carefully adjusted. Hy means of a j)iece 
of rubber tubing the liquid is then slowly sucked up the left 
limb of the tube until it,passcs the level b. It is then allowed 
to descend; the time taken to fall from b to c is recorded. 

Part of the liquid under observation is above the surface of 
the heating liquid and is. therefore, at a slightly lower tem¬ 
perature, but as the level falls, this part of tit.* iiepud regains 
its form* temperature 'Bie error due to unetpial viscosity 
in different regions arising in this %ay is negligible, as it is 
only the viscosity of the liquid in ca]>illary tni>e that counts 

The thinness of the wall of the capillary tul>e ensures that piQ. 2^4._ 

the liquid passing through the tulie is at the temperature of «4i,«ifnv 

the bath. The column of liquid, be, never reaches the capil¬ 
lary. The level b' is wtll above the point where the conslric- Viscosimktsr 
tion in the right limb of the tube logins The time of f j)w from* 

i to c only, is tal»en because on approaching a the i#otion becomes slow 
and uncertain. The instrument ifiay conveniently be strai>b«i a ther¬ 
mometer anff suspended in the heating liquid containeu in a Imiling tuljc, 
The cheapness of the apparatus renders it possibl^.to choose from a range of 
tubes one with a capillary of diameter best suited to the viscosity of the liquid 
to be examined, llie beA results are obtained if the time of flow is about 
1-2 minutes at the temperature of observation. Results are rcjmrtcd on 
6 oils using the above instrument, the .otally immersed type of Dunstan 
and the Redwood forfh. The readings of the first 2 instruments agree within 
the limits of experimental error. At 00® Redwood seconds may be obtained 
ai^oximately by multiplying these readings by 500. • 

3. A. Dunstan and H. Langton, Proc. Chem. Soc. 2S) \4;J. C. S. 1912, 
101, 418; abst. C. A, 1012, ^ 17(12; Bull. vSoc.Chiin. 1912,12, 1090; Chem. 
Zentr. 1912, 83,1, 1688. A. Dunstan, ftoc. Chem. Soc. 1914, 30, 1()4; abst. 
C. A. 1915, 0, 405. Cf. A. Dunstan and R. Wife,on, J. C. S. 1907, 01, 86; 
abst. C. A. 1907,1, 956; Chem. News, 1906, 04, 303; Bull. Soc. Chim. 1907, 
2, 1163; Rep. Chim. 1907, 7, 194; Chem. Zentr. 1907, 78, F, 1009. See also 
R. Kremann and R. Erlich, Monatsh. 1907,28, 8l7l. 
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the dissolved 'nitrocellulose solution to the desired temperature.* 

'fhe viscosimeter of H. Osf (»e p. 46) is intended primarily 
for the ^termination of cellulose when ^issolv^ in cuprammo- 
nium solutions. H. Barthelejpy* measures viscosity by means 
of th^ '‘ball method,” i.,e., the time taken for a nickel ball 5 mm. 
diameter to fall through 50 cc. of solution contained in a glass 
tube 3 cm. in diameter. T^e time m seconds taken is recorded 
as the viscosity. • ^ 

The consistency apparatus of Stahl’ indicates the number of 
seconds which an air-bubble of fixed volume is required to pass 
from the bottom to the top of a glass cylinder or tube of fixed 
height, filled with the test sample at 17.5'’. A comparison with 
a normal oi* standardized sample in the same instrument at the 
identical temperature determines the suitability of The ester in 
solution for the purpose intended. ' 

According to the law of G. Stokes the velocity of a falling 
body in a solution is inversely proportional to the viscosity co¬ 
efficient of the solution, and in consequence, the time of the fall 
of a sgihere through a definite depth of liquid is directly propor¬ 
tional to the viscosity of that liquid. A simple form of apparatus 
used by H. Wolff* for the determination of viscosity depends in 
principle on Stoke’s law. The time in which a spherical or 
spindle-shaped body takes in falling from tlie top to bottom of a 
tube (or from one mark to another on the tube), at a constant 
temperature gives a figure from which the relative viscosity of 
the solution may 4)0 estimated, when comparative experiments 
under similar conditions are made with other liquids. 

For nmlsually viscous liquids—those beyond tbe range of 
the, ordinary viscosimAer—other types of apparatq^ have been 
devized. An, approximate test is made by plaiSng the nitro¬ 
cellulose in a long glass-stoppered cylinder, and comparing the 
time required for the solution to flow from one end' to the other 
when the cylinder is inverted, against a simiW sized sample of 

1. W. Hay and J. Reilly, Chem. News, 1918, 117, 181; abst. C. A. 1918, 
12, 1420. L. Meggitt, J. S. C. I. 1902, 21, 106; abst. Chem. Centr. 1902, 
71, 1, 602. 

2. Caoiit. et Guttap. 1913, M, 7202; abst. C. A. 1914, 8 , 243; Mon. 
Sd. 1913, 78, 649; Chem. Sfentr. 1913, 84, II. 1617, 

3. L. Andes, Rev. Fett-Harz-Ind. 1907, 14, 70; abst. C. A. 1907, 1, 
1909; Chem. Zentr. 1907, 78, 1, 1464; Wag, Jahr. 1907, 51, II. 561. 

4. Farben Ztg. 1912, 17, 2108; atet. C. A. 1912, 8, 3192; Chem. Ztg. 
Rep. 1912,16, 508. 
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the standard solution, both being tilted in the %ame manner to¬ 
gether. Tliis^ method is of^n* used in judging of tly fitness of 
dopes for pyroxylin artificial leather manufacture. • 

T. Chandeldn' having obsew'ed that the viscosities of 4.5% 
collodions differ according to whethertthe nitrating mixture con¬ 
tained 15% or 20% of nit|ic acid, investigated this difference with 
higher concentrations,’ For higliljfviscous liquids, the viscosities 
may also be compared’ by noting*the tfme required for a glass 
sphere (7-8 gm. weight) to fall through 20 cm. columns of the 
liquids under fixed conditions, , 

In the StSrmer viscosimeter the comparati-\1: viscosity is 
obtained by measuring the number of rcvdlution%that a paddle 
makes in/he solution under standard conditions. 50 cc. of the 
liquid are placed in the aip of the viscosimeter in.stniment and a 
paddle just immersed in the liquid and the temperature adjusted 
to 21°. The apparatus is so constructed that it is a simple 
operation to compare accurately the times required for the paddle 
to make a given qumber of revolutions or to measure the number 
of revolutions made in the same length of time.' Wlieif worked 
in samples of high viscosity it is advized to note the time required 
to make 100 revolutigns. All caleulhtions are based on the water 
unit and the driving wheel wnay be adjusted with shot so that 

1. Bull. Soc. Chira. Belg. 1914, 28, 24; abst. J. S. C. I. 1914, SS, 222; 
C. A, 1914. 8, 1.506; Chem. Zentr. 1914, 8Sr II, 1.31.5; Meyer Jahr. Chem. 
1914, 24, 424; Wag. Jahr. 1914, $0, 1, 368; Zta, ang. Chem. 1914, 27, 11, 603. 

2. The material was specially ^epared, and the Cochins’ v^ometer 
used for the determiaation. It was found that the 5% cAlodioo made with 
nitrocellulose from the 20% bath gave a viscosity eqhal to that of a 6.74% 
collodion from the IS'/, bath, anS mat this ratio (1.33/ calecttbe coefficient 
of viscositfr, was maintained up to about an 8% collodion. Mixtures of 
1 to 2 and of 3 to 2 alcohol-ether gave coUoditms of about equal viscosity 
from equal percentages of a nitrocellulose. A coRvn^rcial nitrocellulose was 
found to have a coefficSent of 0.62. From the coefficient the quantity of 
solvent to give a required viscosity may be calculated. For collodions so 
viscous as to be above the range of the viscometer, an instrument was con¬ 
structed by meatUFof which the extensibility (viscosity) was measured as 
the distanqe at which a film of the collodion drawn out between two discs 
was just ruptured. From experiments on solutions containing from 12.82% 
to 19.3% of lUtrocellulose, the coefficient was found to be 1.41. Hence, 
although the use of iS nitrating mixture containing 15% nitric acid involves 
a loss of 11% in yield, the remlting mtrocdlulose requires only 1 part of 
solvent where a nitrocellulose made with a 20% jiixture, without loss, wotdd 
require from 1.33 to 1.41 parts. 

3. H. Schwarz. Zts. Chem. Ind. KoU. 12, 32; abft. J. S. C. I. 1913, 
32,161; C. A. 1913, 7, 2304; T. C. S. 1013, IM, U, 189; Chem. Zentr. 1913, 
84, n, 163; Wag. Jahr. 1613, », II, 693; Zts. ang. Chenv 1913, 28, 11, 406. 
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one hundred revolutions are given in about twelve seconds. 

In th^ direct-reading viscosiAeter of R. MacMichael’ a disc 
is suspended in the fluid under examinationjjy me^ns of a torsion 
wire, about 10 in. long, which passes through the*stem of a plunger 
and is fastened near the bottom, the triangular head of the wire 
being held between grooved pins on a^standard. The plunger is 
provided with a dash-pot to cfiecl( vibration and damp the action, 
and carries at the top sf graduated dial. The fluid is contained in 
a double-walled cup of heavy spun brass, the space between the 
walls serving as a heating jacket and being provided with an elec¬ 
tric heating cnil. 'ITie aip is rotated by an electric motor and the 
deflection of the disc noted by means of a pointer on the stand¬ 
ard. 'file instrument is calibrated by means of sugar syrup, and 
the viscosity is then read directly from the indication Sf the dial. 
It can be used for determining the tiscosity of clay slip? and of 
solutions of glue, gum, starch, gelatin, etC.; straining is not neces¬ 
sary, as small particles of solid matter do not affect the accuracy 
of the determination. 

Thr viscosity apparatus of L. Giimbel,^ E. Kafka,’ W. Stone,* 
G. Sayboldt’ and E. Eidstone*. are applicable to nitrocellulose 
solutions, and in general, embrace the same features as the in¬ 
struments just described. , ' 

Viscosity by Ostwald Viscosimeter. The Ostwald modifica¬ 
tion of Poiseuville’s apparatus for the determination of the vis¬ 
cosity of dilute solutions—either nitrocellulose or cellulose acetate 
—is shewn in fig. 2S,5, and cons&ts of a capillaly tube DB (about 
10 cm. long the Ixird varying according to the viscosity of the 
liquid being' t&ted) through which a definite column of liquid— 
i. e.,< that contained between the marks C and D —^is allowed to 
flow under the force^'of its own weight, ./f'definife volume of 

1. R. MacMichacl, J. Ind. Eng. Chem. 1915, 7, 961; abst. J. S. C. I. 
1915, 34, 122B; C. A. 1916, 10, 135. 

2. D. R. P. 283732, 1914; abst. Kunst. 1915, 5,84f Chem. Zentr. 1915, 
86, I, 1035; Chem. Ztg. Rep. 1915, 39, 183; Wag. Jahr. 1915, 61, I, 485; 
Zts. ang. Chcip. 1915, it, 273. 

3. Aust. P. 6441, 1913; abst. C. A. 1914, 8 , 2509. 

4. Engineering, 1915, 190, 554; J. S. C. I. 1915, 34. 1274. 

5. U. S. P. 1132621, 1915; abst. T. C. I. 1915, 34, 515; C. A. 1915, 
9, 1137. 

6 . J. S. C. I. 1917, 36, 270; 1918, 37, 148-T; abst. C. A. 1917, U, 
1.575; 1918, 12, 1783; J. C. S. 1918, 114, ii, 221; Chem. Zentr. 1917, 88, II, 
261; 1919. 90, II, 634; Ann. Rep. Soc. Chgm. Ind. 1917, 2, 76, 336; 1918, 3, 
70. 
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liquid IS miroduced into the larger bulb E through the tu1)e F 
by means of an accurately calilJrated pipette, and is then, either 
by blowing thAmgh, F, orby’sucking at, /I, forced up Ijlrough the 
capillary until thg level of the liquid 
rises above the upper mark C. The 
liquid is then allowed to flow back 
through the capillary, anS the time 
required for the surface of the liquiS 
to pass from, the mark C to the 
mark D is noted. 

Before .beiqg used, the viscosity 
tube is thoroughly cleaned so that j 
there are no obstructions in the 
capillary, #nd the liquid runs clean 
from the glass without leavipg drops 
behind. * To secure this, the instru¬ 
ment is filled for some hours with a 
warm solution of chromic acid and 
then thoroughly washed with distilled 
water, which is drawn through the 
tube with the aid of a filter pump.^ 

The tube is then dried by washing 
successively with alcohol anfl ether, 
removing the latter by means of a 
current of (preferably warm) air. 

As the viscosity of a liquid varies 
greatly with the tefhperature (roughly 
2% per degree^ the tube aitd’liquid 
must be Cept at a constant tempera¬ 
ture during the measurement. The 
tube, therefore, is sus^nded in a bath, 
the temperature of which can be regu¬ 
lated to within 0.1°. The sides of 
the bath are constructed of glass to 
permit observations of the time of 
flow, and stirring is accompfished^by 
means of a current of air from a compressed air main. 

Five cc. of the solution being tested are intnoduced into the 
bulb E by means of a calibrated pipette. The tube is then fixed 



Fig. 28 o.—(Jstwald 
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in a perpendiculgr position in the bath, and is immersed at such a 
depth ih the water of the bath that the upper mark C is well 
beneath tHg surface. After allowing 10-15 minuVs for the tem¬ 
perature of the tube and liquid to become oo^stant, a piece of 
rubber tubing is attached to tfie narrower limb of the viscosity 
tube, and the'liquid is sucked up to above the mark G. If the 
liquid is very viscous this operation it varied, and the liquid is 
forced up by means of fomprjsseci air applied to the wider limb F. 

The liquid is then allowed to flow back through the cap¬ 
illary, and a stop watch started as the meniscus passes the upper 
mark C, and stopped again as the meniscus passes the lower mark D. 
The measurement is repeated four or five times, and the mean 
of the‘detenninations taken. Greater deviations than 0.1%- 
0.3% from the mean value point to the capillary tube being 
dirty, or to the liquid containing parfjcles of suspended matter. 

The viscosity of the liquid being tested, relative to' that of 
any standard liquid, is calculated by means of the formula: 
t X D 

f ‘ h X di 

where t is the time of flow of liquid; D the density; h the time of 
flow of the standard; and dt the density of the standard. 

Tlie coefficient of viscosity in pbsolute units may be calcu¬ 
lated by means of the formula: 

. 11 pT it 

,.1 * • 
where p is the driying force; r the radius of ttie capillary; i the 
time of flow; V the volume passing'tlwough capillary; and I length 
of capillary. It is easier, however, to obtain the coefficient of 
viscosity in absolute by choosing as a standard a liquid in 
which the coefficient of viscosity is known,' and substituting in 
the following equation the value of Ni in absolute units: 

L = * 

c w, “ U X“ A 

where n is the absolute viscosity of the liquid under examination; 
ni is the absolute viscosity at the temperature of the experiment 
of the standard liquid, and the remaining values as in the first 
equation above.' , 

'Water is often conveniently cflosen as a standard, and the 
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following values may be used in calculating tlje roefficient of 
viscosity in absolute units; Temperature, 0°, 0.01793; 10“, 
0.01311; fcOlOOO; 30°, 0.00800 ; 40°, 0.00657; add at 60°, 
0.00550. , * 

Viscosity by the “Ball Fall” Method. The English Govern¬ 
ment, it is understood, as the result of investigation*61 the various 
methods which have been*propose(Lfor viscosity determinations 
of lutrocellulose solutions, have adopted the “falling ball” method, 
previously alluded to. This method consists in determining the 
time taken for a steel ball to fall a fixed distance through the 
solution under axamination. It was shown by Stakes in 1850 
that a small sphere falling in a liquid soon^ assumes a constant 
velocity, which is represented by the formula; 

v — 22r(S — S')g 
* ON 

• 

where r is the radius of the sphere; S the specific gravity of the 
sphere; S' the specific gravity of the solution; N the viscosity 
coefficient of the solution; g the gravity constant; an^ 5) the 
velocity of the sphere. When Stoke’s equation is rigidly obeyed 
the velocity is inversely proportional to the viscosity coefficient, 
and hance the time ofrfall of the sphere is directly proportional to 
the viscosity coefficient. * 

In the apparatus shown in Fig. 286, irrespective of how 
closely Stoke’s equation is obeyed in* the practical apparatus 
shown, it is obviot» that for practical purposes the time oljtained 
in this apparatus Should give relative indicatiqps Si the viscosity 
of different nitrocellulose solutions. In order to eltfain results 
of maximum consistency in carr)dng out the determination, the 
following are important points to bear in mind; 

(a) The temperature of the solution must be kept constant. 

(b) The balls used must be uniform in size and density. 

(c) The balll must attain a constant velocity before measure¬ 
ment begins. , 

(d) The ball qust drop without fouling the walls of the con¬ 
taining vessel. • 

(e) The ball must be free from adh^hig air bubbles. 

(f) 'Ihe tubes used must all be of uniform diameter. 

'The solvent employed comprizes 1.^ volumes ether (sp. gt. 
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0.72) and 1 voU alcohol (sp. gr. 0.817 or 92% by weight). The 
sample 6f nitrocellulose to be tested is first freed from any excess 
of water b^ pressing between filter papers and drkd, 1-1.5 hours 
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in a steam pven being suffi¬ 
cient. After the dried sample 
has cooled in a desiccator, 10 
gm? are weighed out on an 
aluminium scoop and trans¬ 
ferred to the flask. 100 cc. 
alcohol are added, and the 
nitric ester th^irouglily wetted 
by shaking, after which 150 cc. 
ether are poured in. The flask 
is then stoppered and vigor- 
oysly shaken by hand to pre¬ 
vent the agglutination of the 
nitrocotton into lumps. It is 
then shaken at intervals until 
Inftrnal diameferZ*ooscm solution is complete. It is ad- 
vizable to leave the solution 
overnight. 

Before proceeding with the 
test it is advizable to examine 
the solution in the flask in 
order to detect the presence 
of translucent partially col- 
loided particles, which might 
^iitterfere with the flow of the 
solution. Agitation, of course, 
must be ctotinuei until solu¬ 
tion is complete. As the vis¬ 
cosity of the solution to some 
extent is inrfuenced by light. 


Dimensions 

Wumt of fuhe filled fo 
markk. TS-BSec 


XI mn enqraeed 
Compltfel^ round kuOe 

Lengfhi 
pX 3 cm. 

3 cm. ' , 

Scn\ « 

IScjm^ 

Sem. 

Sim. 

Scm. / 


Kl 
Im 
mil 

nr appro! 


7.Scm. 


^ sf 7cm. 
vt 4Scm. 
a small hole af r. 


Fio. 286.-^Vhcosity Dbtbsmikation undue exposure to bright light 
BY TH8 "BAti- Fall" Method should be ayoided. 

In manipulating the test, Jhe apparatus is placed in posi¬ 
tion and leveled, after wiiich the viscosimeter is filled to the mark 
k with castor oil andt he releasing tube inserted, the end of this 
tube being adjusted to the level of tht mark I on the tube. Care 
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should be taken that it is centrally situated tlnoughout its length. 
The water jacket is then brou^it to 20°, ±0.3°, and should be 
maintained at'*'this temperature. It is also desirably to adjust 
the room temperature to abou\ 20°. The tube is placed in 
position in the water jacket and alloweil to attain the temjjerature 
of the bath. One of the steel balls is then inserted in the releas¬ 
ing tube, it slowly travels*down^thr^ugh the liquid in the releas¬ 
ing tube and should free itself fromsiir bubbles in doing so. 

When the ball passes the mark m the stop watch is started, 
and when it passes the mark n it is stopped. If the ball fouls 
the sides of the»tube the result is rejected. The lipie of fall for 
castor oil should be 17-18 seconds. , 

In determining the viscosity of the nitrocelluldke solution, a 
viscosimetfr tube is filled to the mark k with nitrocotton solu¬ 
tion fropi a flask, care being»taken to avoid as far as possible, the 
introduction of air bubbles. The releasing tube is inserted and 
the determination carried out as descriljed above. The time of 
fall may be measured between mx, my or mn, according to the 
viscosity of'the solution being tested. The results are {gcorded 
as the time of fall in seconds, and the time of fall with castor oil 
also quoted as a check on the results. 

Determination ot Solubility. The degree of solubility of a 
cellulose nitrate in a specified liquid or series of solvents should 
always be determined in advance, in order to judge if the pyroxylin 
is satisfactory for the use intended, 'fliis is especially important 
in the manufacture of photographic films, a^d in the for^nation 
of artificial filqpients, for with the former the *mall specks of un¬ 
dissolved jiroduct show up ds'distinct particle* in *11(6 developed 
negative or film, and when these are magnified as in “ragving 
pictures,” they givfi ^either a continued blcv'ed appearance or a 
succession of light patches flitting across the screen. With fila¬ 
ments, the fine specks of undissoKed portions soon clog the spin¬ 
ning orifices and interrupt the continuity of the thread. 

One method of determining the solubility is to dissolve 5 gm. 
of the air-dry sample in 100 cc. of the particular solvent mixture 
that the cellulose nitrate is to be,used it^ commercially,* or if the 
1. The particular solvent intended to teused on the factory serfe 
should always be taken, on account of the varying results obtained with 
different solvents. A pyroxylin which gives a certain percentage of undis¬ 
solved residue in ether-alcohol will not necessarily give the same amount 
when the solvent's changgd to, say, ajnyl acet^-bensine ^95*^0%). 
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viscosity is high, the solvent may be increased to 200 cc. The 
glasS-stop^red flask is 'shaken trequently to facilitate solution, 
either alone or after the introduction of a weighed'amount of shot 
or glass beads,* until all that will dissolve has gone into solution. 
Allow,to stand at rest fqr four hours, or until the sediment has 
deposited, then decant carefully the supernatant liquid without 
disturbing the precipitate. ^Add 100 cc. solvent to the contents 
of the flask, shake vigorouslj and filter the precipitate through a 
Gooch crucible or tared filter paper, dry at 100°, and subtract 
the weight of the shot or beads, the difference being the weight 
of insoluble .material in the sample taken. Usually 1-1.5 hours’ 
drying is sufficient. Where quick and approximate determina¬ 
tions are to be made a portion of the 5% solution is placed in a 
10 cc. urinary tube graduated in '/lo cc. and rotated for fifteen 
minutes at the highest speed. The precipitate may now be easily 
read off, and results obtained in this manner, in the author’s hands, 
have proven quite satisfactory.* 

The official English method of determining solubility, which 
is emp'oyed primarily, with “high nitrogen*’ nitrocellulose of 
13%-13.2% N, is as follows: .3.24 gm. (50 grains) of the nitro¬ 
cellulose are placed in a cylmder of 230 cc. capacity and covered 
with 200 cc. of ether-alcohol (2 parts ether, sp. gr. 0.72,-and 1 
part alcohol, 60° over proof) and the cylinder placed in a mechan¬ 
ical shaker for one hour, or digested at 15.5° for 6 hours with 
frequent shaking (at 15-minute intervals). The contents of the 
cylinder are t|ien allowed tO’sectle and an aliquot portion of the 
clear solution the® removed, evaporated to dryness in a weighed 
dish at 50’,'"and then weighed. From the weight of soluble 
nitrocellulose found, the percentage of this present in the original 
sample is calculated In a modification of thi» method some¬ 
times employed, the alcohol is first added to the nitrocellulose 
and thoroughly mixed, after which the ether is poured in. A 
second portion of the supernatant liquid as a check, may be pre¬ 
cipitated with chloroform and filtered through a taied filter paper. 

1. In order to affect solution more quickly byodisintegrating the vis¬ 
cous gelatinized nitrated cellulose. 

2. A method of solu’JSity determination often used, is to dissolve out 
the solvent portion and evaporate to dryness the solvent containing the nitro- 
cotton in solution. This method gives uniformly high results, due to the 
difficulty of removing the last traces of sdvent, an entirely soluble nitrate 
often giving—apparently—102%-104^. , 
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rhe precipitate is redfesdved in ether-alcohol, reprecipitated by 
Jilorofonn, dried and weighed. 

In the methcri as devized by H. Malluison,' 5 gni, of the gun- 
»tton (or 2 ' gm. 3 the amount of soluble nitrocellulose ft known 
;o be 25% or highef) is treated with 200 cc. of ether-alcohol in a 
p'aduated cylinder, which is then shaken •mechanically for ahout 
I hour. After allowing to settle, 50 cc. of the supernatant liquid 
;S transferred to a porcelain dish ai»d tAated with 500 cc. of water 
it about 75°-80“ C. The precipitateifnitrocellulose is submerged 
oy means of a glass rod to expel the last traces of solvent, and if 
it forms a coherent mass, it is transferred to a piece o{ filter-paper 
resting on absorbdht material, moistened with alcohol, partially 
dried by pres,sing between filter paper, and then completely juried 
in an oven at^lCO® F. (70° C.). If the precipitate is not coherent, 
it is collected on a double filter, of which one paper has been 
counterpokied against the other, or in a tarcd Gooch crucible. 
The method is much quicker than the British Government process 
in which a known volume of the ether-alcohol solution is evap¬ 
orated, and it^ves somewhat lower and more accurate results, 
since it is very difficult to remove the last traces of solvent by 
evaporation. 

In addition to the difficulty of completely removing the re¬ 
sidual solvent from tlie extract^ nitrocellulose and in the drying 
of the colloidal material, there is also a difficulty in obtaining 
comparable results when ether from different sources is employed. 
Commercial methylated ether usually contains appreciable 
amounts of both di-ipethyl and ethylmethyl etfter and these Sub¬ 
stances have solvent action to,different degrees Tron^that of di¬ 
ethyl ether an various nitrocelluloses. 

The official Unit^ States method for determination S>f 
nitrocellulose "soluble" as different from the aiteve method. In¬ 
stead of weighing the soluble, direct determinations are made of 
the insoluble and the unnitrated cotton. The "soluble” is ob¬ 
tained by dffierence. For the solubility determination, a small 
quantity of the finely-sffted cellulose nitrate (0.5-1* gram) is 
treated with a mixtuife of 350#c. of pure ethyl alcohol and pure 
ether (ethyl) (sp. gr. o.748-o.750 at 20°) in aistoppered vessel. The 

I. J. Ind. Eng. Chem, 1916, i 401; abst. J. S. C. 1. 1918, SS, 706; 
C.A. 1916, II, 2624; J.C.S. 1918,111,0,400. . 
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vessel is placed in a mechanical shaker for* 72 “! hour, after which 
its contents are .allowed to settle. The clear liquid is siphoned 
olT and^he extraction*process then repeated a second time. The 
insolublt portion is collected on a Qpoch crucible in the usual 
way and washed with further quantities of erher-alcohbl mixture. 
Thdresidup is partly dried at 80° and then at 100° to constant 
weight. ( 

In the official Germail muthod a quantity, weighing 2 grams, 
of the finely divided dryVellulose nitrate is placed in a 500 cc. 
stoppered vessel, 215 cc. of ethyl alcohol (sp. gr. 810 at 50°) are 
added and the material well wetted; 285 cc. of pure ether (sp. gr. 
0.720) arc'then added and the vessel .shaken forffi hours, after which 
the fonten^s of the vessel arc allowed to settle. 250 cc. of the clear 
liquor are removed, 10 cc. water added and the mixture evap¬ 
orated on the water bath. The residue is finally dried at 80° for 
'/i hour and then weighed. ° 

In' the method for the estimation'’ of soluble nitrocellulo.se as 
recommended by K. Quinan,' about one gm. of the finely divided 
dry s'ample to be analyzed is placed in an aluminjnm cup 1.9 in. 
in dfimetcr and 1'/« "i. deep. It is covered and well stirred with 
,.50 cc. of alcohol, 100 cc. of.ether are then added, and the mixture 
is stirrcol for several minutes. After removing the stirrer the cup 
is lightly covered with an aluminium lid, and is then placed in the 
styel cup of a centrifugal machine, which is gradually raised to 
a speed of 2000 revolutions per minute, the total centrifugal force 
at the position ocaipicd b^ the cups (which become horizontal 
whthi in rapd rotation) is dbbut 4.50 lbs. Tpey arc rotated at the 
full speed for It)42 minutes, a,nd the machine'-is then gradually 
stopped. By this time the whole of the insoluble matter will be 
at the bottom of tbe aip, and the supernatant splution will be 
clear; it is drawn'off to within a quarter of an idch of the bottom 
without disturbing the sediment), with the aid of a vacuum 
pipette. Care must be taken that the solution thus withdrawn 
is perfectly clear. About 10-15 cc. of colloid solution and a film 
of insoluble matter remain at the bottom of the cup; these are 
stirred up well, the stirrer is ripsed with ether-alcohol, about 
50-75 cc. of fresh efher-alcc^iol are added; the mixture is again 
1. J. A. C. S. 1901, 23, 2.58; abst. J. S. C. I. 1901, 20, 845; Chem. 
Centr. 1901, 72, It, 147; Jahr. Chem. 1901, 54, 896; J. C. S. 1901,80, ii, 480; 
Rep. Chim. 1901,1, 449.* 
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treated in the centrifugal apparatus for about eiglit,muuites: the 
whole washing process is then reijeated until all soluble matter 
has been removed* This may Require about seven or eight (or 
for samples with much insoluble matter 1(1 or 12 or more) wash¬ 
ings, but as the extraction proceeds* the period of rotation may 
be somewhat reduced. After extraction is Pomplcted, the insoluble 
matter is transferred to a Golich cnicible with the usual asbestos 
pad, dried at 100° C. and weighed) '^le refjdue may, it wished, 
be dried and weighed in the aluminium cu]), but then it cannot 
be ignited. 'I'he entire time for an analysis, exclusive of that 
required for drying, is from one to two hours, the ;rt eragc time 
being I'/i hours. The results arc satisfactory, both*as to ac¬ 
curacy and rapidity. The centrifugal apparatiis used *s sketched 
and minutcly«describcd; it is provided with two arms, so that two 
tests may be made simultaneou^y. Acetone soluble nitrocellulose 
may be determined by the.same method. Care must, of course, 
be taken that the solt’ents employed are free from all matter not 
volatile at 100°. 

An extensftc study of the solvent action of "alcohol-ethdr” 
mixtures on nitroi-cllulosc has been made by A. Matteosi^iat.' 
In the case of completely .soluble nitrocellulose the proportion of* 
ether to alcohol may be, widely varied‘without altering the sol 
ubility figure. This conclusion (^nifirms the results of other work¬ 
ers. Thus a nitrocellulose containing ll..')'),', of nitrogen was 
found by G. Lunge and J. Bcbie* to be*completely and easily 
soluble in mixtures qf ether-alcoho^in the ratio 2; 1 as well as 
ti: 1, while in a mixture of i) parts of ether and l^paft of alcohol 
the solubility was 0,V!f. With kwrease in the projirirtiuii of ether 
the solubility fell. Thus, when a mixture containing 27 parts 
ether and 1 part of alcohol w'as used, a solubih'y of 7.2% resulted. 
In the solubility determination of the incompletely soluble nitro¬ 
cellulose, both the ratio of ether to alcohol as well as the con¬ 
centration of the laLter, play important parts. A. Matteoschat 

1. Zts. Scheis.s. Spreng. 1914, 9, 10,1; abst. Chem Zentr. V*''*, L 
2095; J, C. S. 1914, IM, i, 1160; C. A. 1914, $, 1669; Meyer Jahr, Clicin. 
1914, 24, 304; Zts. ang. «iein. 1914,27, II, 7.30, 

2. ZLs, ang. Chem. 1901, 1«, 48.3, .507, ,5,37; J. A C. S. 1901, 2J, ,527- 
578; abst. J. S. C. I. 1901, 29, 1021; Rep. Chim Iflhl, 1, 494; Chem. Centr. 
1901, 72, II, 34, 92, 764; Jahr. Chem. 1901, 54, 893; Meyer Jahr. Chem. 
1901, li, 316; Wag. Jahr. 1901, 47, I, 495. See also Zts. atlk Chem. 1899, 
22, 441, 467; abst. Chem. Centr. 1899, 70, 1, 1272. * 
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detennines t}ie solubility by treating 5 grams of the cellulose 
nitrate in a stoppered, cylindei; with a definite amount of alcohol 
and thtfti adds sufficient ether tcf make the solytion up to 500 cc. 
After shaking for one hour, the contenIS of the cylinder are allowed 
to ^ttle overnight. The cylinder is again shaken and then set 
aside for 46 hours. 10?) cc. of the clear liquor are transferred to 
a weighed Erlenmeyer flask and thin evaporated to dryness on 
the water bath. The resi^me deceives a final drying for 24 hours 
at 30°. Adding the two solvents separately gives higher results 
than when mixed solvents are added direct to the nitrocelMose, 
e. g., 40.5% compared with 32.2%. The conclusions from this 
work are summarized as follows: 

‘(1) The difference in the solubility at different volume rela¬ 
tions of the same components of the solvent mixture ■within rela¬ 
tively small limit of 1:1 and 3:1, (14.2%-57.5%, or a difference 
of 43.3%); and also by the use of different concentrations of alco¬ 
hol in the same ratio mixtures, is considerable. The greatest 
difference is in a 1:1 mixture, with 99.5% alcohol it is 52.3%; 
wiitli^80% 14.2%; or a difference of 38.1%. . 

(2) The mixture ratio of T. 1 is only favorable when alcohol 
■'of the highest concentration is employed (99.5%); ■with technical 
alcohol better results are* obtained writh,a 2:1 and 3:1, mixture. 

(3) When it is necessary tcf dissolve nitrocellulose in ether- 
alc!bhol, it is recommended that the alcohol be added first and the 
other added later with'thorough agitation, and after the alcohol 
has,had opportqnity to IJicfoughly satura,te the nitrocellulose. 
The direct 'itse of, the ether-alcohol mixture decreases the solu- 

o 

bility. . > ■ ■ 

(4) 99.5%'alcohol gives, when used in the ratto of 1:1, a 
solubility of 52.3^^at a ratio 2:1, 40.5% or 1^.8% less; and at 
3:1 only 25% or 27.3% less. HereWith the opinion which 
Schwalbe, as well as Lunge and Bebie hold, namely, that decrease 
in alcohol decreases the solubility of nitrocellidose in ether-alcohol, 
is verified; that is in so far as highly concentrated alcohol is 
concerned. Yet the increase of the alcohol above the 1:1 ratio 
does not increase the solubility, but causes it to fall to 34.4% 
for 1 part of ether ai.fl 2 parts of alcohol, where 1:1 gives 52.3%. 
Weaker alcohol yields the best results (highest solubility) when 
the mixture contains more ethq; than alcohol. 
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(6) T. Chandelon’s opinion' is verified, namely,* that water- 
free ether-alcOhol dissolves gunqptton better than the hydrous 
mixture, but only on condition that the ether represents the 
greater constituent, for in the 1; 1 mixture the solulfllity sinks 
with increasing hydration of tlie Siixture from 52.3*j;) to 14.2%. 

(0) The view put forward by the Author (Worden) tMht the 
solvent action of ethyl aloDhol on guncotton decreases with in¬ 
creasing water-content is verifier n^t onlj for low, but also for 
high nitrated celluloses. Alcohol-water mixture plus ether in¬ 
creases the solubility. 

(7) In 5 ill solubility determinations of nitrocellulose in ether- 
alcohol it is imperative to state the mixture ratio Jnd the per¬ 
centage of the alcohol used, as well as to stale whether tlie mix¬ 
ture was employed, or if the alcohol were added first, and then, 
after shaking, the ether. , 

The solubility figurgs of various nitrated celluloses depend, 
among other faetdts, on the purity of the solvent, and on the 
relative proportions of the constituents of the mixture. The 
solubility figtire is .also influenced by the previous treatmeht of 
the cellulose and also by the method of preparation and purifica¬ 
tion of tlie nitrocellulose. Thus the strength and composition *01 
the mixed acids and tjie teinperatur? and duration of nitration 
process all show their effects. • The type and extent of the purifi¬ 
cation process also influence the solubility figure. » 

A. Schrimpff* determines the soluljility as follows: 2gm. of 
nitrocellulose aftei; drying over sylfuric acid in a vacuum desic¬ 
cator, is transferred to a cylinder containing ^bout IfK) cc. of ether- 
alcohol (ether, *sp. gr. 0.72, 2 parts; alcohol, 1 part), 

and rinsed in with a further 100 cc. After periodical shaking for 
6 hours, the nitrocellulose is allowed to set'le, and 100 cc. of the 
clear, supernatant lic(hid withdrawn into a |lass dish and evap¬ 
orated on a water bath until the residue assumes a horny appear¬ 
ance, at which stage the drying is completed in a steam oven. 
He emphasizes the fact that solubility in ether-alcohol is influenced 

1. Bull. Soc. Chim. Belg. 1912, X, 495; Kunst. 1913, 8, 69; C. A. 
1913, 7, 1418; J. S. C* 1. 1912, 11, 1202; J. C. S. 1913, M*, i, 18; Chem. 
Centr. 1913, S4, I, 392; Zts. ang. Chem. 1913, M, I, 268, 368. Bull. Soc. 
Chim. Belg. 1914, 28, 13; J. S. C. I. 1914, 83, *222; Kunst. 1914, 4, 4. 25; 
C. A. 1914, S, 1009, 1506. 

2. Zts. Schiess. Spreng. 1920, II, 17, 38, 63; absff J, S. C. I, 1920, 
H, 314-A. 
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by factors sucl^ as the strenj^th of the alcohol and the manner in 
whidi the solvents are a/lded. , 

Determination of Insoluble Nitrocellulose.,. The statement 
is found in the literature that all fornfs of cellulose nitrate are 
soluble in acetone and acetic ether, and a rough method of es- 
tiraatfng undianged cellfllosc has been suggested by dissolving 
the cellulose nitrate in one of these sot/ents, the insoluble portion 
being cellulose. In nigny cj^niihations of ethyl acetate-insoluble 
residues from cotton nitration, the author has yet to find one 
free from nitrogen, even after the acetate has been left in contact 
with the nitrated cotton for periods of as long as two weeks, with 
daily change of solvent. The percentage of nitrogen as calcu¬ 
lated an theisainple dried at 100° has varied from 0.2-4.7, thus 
indicating the presence of nitrogen-containing bodiss in nitro- 
cotton, insoluble in ethyl acetate., The anomalous results in 
solubility .reported by different investigators render accuVate gen¬ 
eralizations impossible at the present time. ' A nitrocotton of 
12..5'X' nitrogen may be practically insoluble in ether-alcohol or 
may entirely dissolve to a clear and fluid solution. ' 

The acetone insoluble may be determined as follows: One 
gram of the finely divided dry nitrocellulose is placed in a long, 
stoppered tube and 2r)()-li(k) cc. acetone added; the bottom of 
the tube is constricted to one-half'inch in diameter, cylindrical 
•shape and graduated (the graduations have been made from a 
series of direct determinations of residues). The tube containing 
the nitrocellulose and solvept^ is thoroughly shaken and then 
allowed to settle until the supernatant liquor fe clear (i. e., about 
24 hours). , T'lc volume of settled vecidue—called the “volumetric 
reading” is carefully noted and compared with the volume occu¬ 
pied'by the residue fi?an one gram of standard niVoCellulose, the 
residue from which is small and has been previously determined 
gravimetrically; if the volumetric reading is 0.2% or less, it is 
thought that the difference between volumetric and gravimetric 
results is not greater than the limit of error of the operation, 
and the volumetric reading is considered to be the true result. 
If greater than 0.2%, the determination is made gravimetrically 
as follows; The supe-Aatant liquid is siphoned oft, down to 
within about '/'.nnch from the upper surface of the residue, the tube 
is refilled with acetone, accompanied by vigorous shaking, allowed 
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to settle at least Urhours, and the liquid si))lioned«olT as before. 
These decantations arc continued until a total fif from three to 
five (dcpendiiijT on the amount of residue) have been parried out. 
After the last decantation the residue is transferred*to a small 
beaker, by aid ot a long, glass rewi and fresh acetone for rinsing, 
then filtered through an asbestos filter»tube, eousiijtiug of«i\ large 
test tube with its lower em^drawu to a blunt point and terminating 
in a hole of about diameti''; tie Tower end of the tube con 
tains a mat ot shredded asbestos whtch has been previously heated 
to a red heat for several minutes. .Viter the residue ou the mat 
has been washed until portions of the evaporate^ filtrate shows 
no soluble matfrial the tube and contents are (hied at hi*’ a :i“ 
until all odor of acetone has disappeared, tlwii dried to ^instant 
weight at l(ll)° C., cooled and weighed again and the loss of 
weight gives the “insoluble in acetone." 

In the method of A. *Schrimplf,' foreign matter and im 
nitrated cellulose *ire determiued by treating gm. with 12.'i ce 
of a clear, atiueous solution of sodium sulfide (201) gm. in SOO cc.) 
in a porcelain dish, and gently boiling for 10 miuutts,. The 
residue is washed with water on a dry, tared linen filter ))ftviously 
treated with sodium sulfide, IlCl .md water, and dried. The 
weight of the residue gives the tor»ign matter, from which the 
unnitrated cellulose is calculated by deducting the ash. 

Unaltered Cellulose may be estimated by boiling Ui, small 
sample with sodium staunite’ solution, carefully washing out the 
stannite with warm water and drying. 'I'he cellulose nitrates 
are dissolved by ^liis treatmont,*leaving the uucl^nged iVllulose 
as the residue? (fr a weighcd,samplc of the #iter is shaken with 
ether-alc»hol until no more dissolves, filtered, and the residue, 
shaken with ethyl acetate and acetone uftil no more passed into 
solution. I'he ethci»alcohol dissolves the liwer nitrates and the 
ethyl acetate and acetone the higher nitrates, the undissolved 
residue being unchanged cellulose. The unconverted cotton may 
also be determined by boiling a fresh quantity of the air-dry 
sample (usually 5 gm.) with a saturated aqueoud solution of 

1. Zts. Schiess.««prciig. 1920, U, 17, :iH, r>i; J. S C. I. 1920, 3S, .2I t-A, 

429-A. , 

2. It is best to prepare the sodium stanril'c solution extemporaneously 

each time as required, and this may be done by adding a solution of sodium 
hydroxide to stannous chloride, until the precipitate fifst formed just dis¬ 
solves. * 
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sodium sulfide. After allowing to stand at a temperature of 
40°-60° for two or three hours the mass is decanted or filtered, 
and Ihe process repeated in the same way. The insoluble residue, 
which consists of unnitrated cellulose, i» first washed with ^ilute 
HCl, then water, dried and weighed. In more iccmate work the 
celluldce is finally ignited and the weight of the ash deducted.* 


Mineral Constituents. A known, quantity (about 5 gm.) 
of the dried guncotton is idixed with an approximately equal 
quantity of pure paraffin wax® in a platinum, quartz or porcelain 
dish. To facilitate mixing, the dish with its contents are warmed 
in a steam ovtn until the wax is melted. The mixture is then 
ignited. In 'order that the incineration of the gimcotton may 

1. "The nftthod of Lunge (J. A. C. S. 1901, 23, 538) is satisfactory 

in more highly nitrated products, but is not applicable to the lower nitrates, 
which lyiinge attributes to the fact that as these esters are prepared with less 
concentrated acid, they invariably contain oxycelliitose. The reagent em¬ 
ployed is an alcoholic solution of sodium etliylate. CiHjONa, although 
sodium metnylate or amylate would have the same oTect and is made by 
dissolving 2 or 3 gm. metallic sodium in 100 cc. 95% ethyl alcohol, the solu¬ 
tion being filtered and mixed with 100 cc. acetone. This reagent has no 
effect on unaltered cellulose, even after several hours’ contact, while the 
cellulose titrates are almost instantly decomposed with formation of a rei 
dish brown substance soluble in water (evidently the sodium salt of an organic 
aci(i, i^rhaps oxypyruvic acid, W.,WiIl, Ber. 1891, 24, 400). The operation 
is carried out as follows: ^ 

150 cc. of the 200 cc. prepared above Is placed in a capsule on Krlen- 
meyer flask along with 5 gm. of guncottqn. The mixture is heated to 40® 
or 50® on a water bath, and now and then shaken up during twenty or thirty 
minute; or else it is allowed to stand at the ordinary temperature for a few 
hours. It is then allowed to».settle. The brown-red solution is decanted 
from the undissolved portion; the -latter is first washed with alcohol by 
decantation, and subscouently with ^^water, whereby fhe brown substance 
is dissolved. Th% residue, consisting of cellulose, is filt|red and washed with 
hot water, last of all wfthfhdditiou of a little hydrochloric ac^d. For ordinary 
work, it may t>>Ccat once dried and weighed; for very exact estimations the 
water is removed by t/ashing with alcohol, the residue is once more treated 
with ^ cc. of the reagent Isft over from the first treatment by keeping at 
40® or 60® for fifteen minutes, and the operation is finished aS above. The 
cellulose thus obtained ^oes not yield a trace of gas in the nitrometer and 
gives only an extremely faint blue reaction with diphenylamine. It showed 
a very faint yellow color, produced by about 0.1 mgm. of the brown sub¬ 
stance which can be removed by treating with a solution of 0.1 mgm. 
chloride of lime in 5 cc. very dilute hydrochloric acid; but this last treatment 
is really unnecessary, as the 0.1 mgm. does not appreciably affect the estima¬ 
tion. The results agree to 0.1% or 0.2%, if the weight of unchanged cellu¬ 
lose amounts to about 0.2 gm., which can be attained by employing a con¬ 
venient weight of the ccUulase nitrate. *• 

2. F. Hess, Zts. anal.tChem. 1^, 19, 504; abst. Jahr. Chem. 1880, 
SS, 1210, 1309; Chem. News, 1881, 44, 47} Proc. U. S. Naval Inst. 1881, 
7, 198; Wag. Jahr. ^880, 29, 374; Chem. Ind. 1880, 3, 256; Chem. Tech. Rep. 
1880.19,1.339. 
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take place at a low* temperature, it is suggeste<i ft) ignite the 
mixture with a glowing platinum wire. The weight of "ash” 
may be directly determined from the residue on ignitipn, or tlie 
ash may be taken up with ammonium carbonate andP heated to 
200° until consta4t in weight. The ash may on the other hand 
be sulfated and the “ash” determination recorded as sidfate.‘ 
The absence of ash in th^wax is confirmed by carrying out a 
“blank” with the paraffin alone. •‘Ash” content may also be 
determined thus: A weighed quantity of the nitrocellulose is 
thoroughly moistened with an aqueous solution of ammonium 
sulfite. It is then ashed in tlie usual way and th« ash sulfated. 

The nitroceflulose before igniting may also be detomposed by 
nitric acid. One gram of the dried sample cntitainecj in a vvered 
crucible is Seated with 10-20 drops of concentrated acid on a 
steam bath, until the fibrous structure has been broken down and 
the material takes on a gummy appearance. Tlie crucible is 
then heated by a Sunsen burner, gently at first to avoid loss of 
ash by a too rapid discharge of gas out of the crucible, and finally 
at a red heafc The gain in weight, when burned to constancy, 
is considered as the ash. A similar method of decom^ition 
(with nitric acid) may be employed in the determination of ash 
of gelatinized nitrocell^lo^. • 

As the amount of ash inaguncotton is generally very small, 
particular metals may be present only in traces. These, may 
often be detected by spectrum analysis or by specific tests. For 
the detailed examination of the mineral consituents tlie following 
method of procedui is recominenifed by H. Schjeming.* 5*gratns 
of the material hre placed in q large platinum dfth agd thoroughly 
moistened*with a mixture of alcohol and ether’in which paraffin 
has been dissolved t© saturation, filtered^ and mixed with ftme- 
fourth of its volume* of water. A few pieiJes of solid paraffin 
are also added and the mixture then ignited, taking the usual 
precautions. Tht residue is taken up with hydrochloric acid 
(heated to 90°). The oxides of iron, aluminium and magnesium 
are dissolved while the insoluble portion is usually %ilica. The 

1. J. C. S. 1868,^, 327. . 

2. Zts. anal Chem. 1892, A, 2«3j.abst. J. S. a 1.1893, 12, 62; J. C. S. 
1892, S2, 15^); Zts. ang. Chem. 1892, S, 467;8:hem. Centr. 1892, «3, II, 
426; Jahr. Chem. 1892, iS, 2631; Chem. Ztg. Rep. 1892, U, 243; Wag. Jahr. 
1892, St, 389; Ber. 1892, 25, 873; Tech. Chem. Jahr. 1882-1®3, U, 180; 
Meyer Jahr. Chem. 1892, 2, 366. Proc. Amer. Pharm. Assoc. 41, 441. 
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detailed analysis of the hydrochloric acid extract is carried out 
by the ordinary methods. 

The<total unsulfatc ash (B%0 obtained by H. Schjeming’s 
method Aiay also be treated thus: Heat the ash with a,known 
amount of AVIO hydrochlorfc acid to exactly 90°. Cool, and 
add *9 little onimonium Chloride and a few drops of litmus solu¬ 
tion and then render decidedly alkaline with A^/10 caustic soda 
solution. Filter off and ■\teigfi impurities (C%) consisting of 
Ke 2 ().i, AljOa and SiO-., an(J titrate back with W/10 acid repre¬ 
sented by A, and the ees. of the A'/10 acid neutralized by the 
losses in 10 grams of the nitrocotton. 

Algt) - I0.002SA (B -C)lX2..") 

*• • Cat) = 1(B C) - 0.()()2A| X 3..') 

In the A. .Sehrimpff method for the estimation o^ ash,' !> gin. 
is saturated with 2.') cc. of pure 'nitric acid (sp. gr.,--1.4) in a 
platinum dish and evaporated to dryness on„a water bath. The 
residue is heated on an asbestos plate, and finally over the naked 
llanje. After cooling it is treated with a little^ water, again 
evapotated, an<l againdgnited. ■■ 

. Acidity. The acidity of nitrocottons, according to the U. S. 
Ordnance methods of testii.g, may be determined by either of the 
following procedures: A known qiivintity (1 gram) of the material 
is sqjiked in a glass-stoppered bottle with 2.'> cc. neutral water for 
two hours with occasinnal agitation. The clear supernatant 
liquid is then withdrawn witli a pipette and titrated with N/10 
or A') 100 alkali, ^lienolphflialein or azolitmjirf being used as in¬ 
dicator. A cjuiclf and accurate ipethod is to dissolve 1 gm. nitro- 
eotton in 2.5 cc. fientral acetone and add this liquid im small por- 
tiof.'s and with muelS shaking to 100 cc.^ neutral water. The 
nitrocotton is precipitated out and after filtratioli through paper 
an aliquot portion of the filtrate is titrated with standard alkali 
as before. Owing to the difficulty of completely removing the 
acid by water extraction, it is necessary to have the material in 
a very finfly divided condition, and to extract thoroughly with 
hot water. The water used shoul4 be previously tested for the 
presence of acidity or, alkalinity. This method is applicable also 

1. Zts. Sejuess. Sprengs. 1920, IS, 17,-38, 53; abst. J. S. C. I. 1920, 
39, 354-A. 
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for the detection and estimation of acidity in nitroc^llinosc iwiwdors. 

A. Angeli' shows the prc!<-‘ncc of .aciiiity in nitrocellnlosc 
powders by tlv'' aid of the ifidicator, dimelhylaniinoifrobenzeiu'. 
A few CCS. of distilled water t-ontaininit li -1 drops of a 0.2' 
alcoholic solution of the indicator is poured on about ((..') grain of 
the powder. It is claimed that powiters of goorf qualit^- turn 
lemon-yellow, whereas, iffacidity is present, an intense red is 
produced, the supernatant liquid re^ainin*; entirely colorless. 

According to A. Angeli and G. ICrrani,'^ mieroseopical exam 
ination of very thin sections of the powders treated with this 
indicator shows^that in some cases the acidity*is distributed 
throughout the mass of the explosive, whereas in others it is 
loe'alized in isolated regions often with sharply nnurked (•itlines. 
With certain altered nitrocellulose powders, the intact strijis 
were not colored on immeijiion in the reagent, but the latter 
soon assumed a more or,less intense pink color; if, however, the 
strips were broken’or scraped, the fresh surfaces thus made were 
immediately colored scarlet by the indicator. The acid,s oeeiir- 
ring at thes{».surfaqes were not completely removed by pr^hmged 
washing with boiling water, and were almost insoluble m ether 
and only partially soluble in alcohol. Tovviyds litmus th^se 
strips ehowed an acid, reaction, even at their surface. Coloreil 
plates are given showing the ifilTerent efieets obtained. 

Alkalinity. Some manufacturers leave traces of sodium car¬ 
bonate in nitrocotton intended for artilieial leather and photo- 
graphie films in qrder to neutralize any traces of acid^wdiich 
might subsequently develop. Five gm. of ,thj aif-dried sample 
are finely divided and digest«d*with 2.5 cc. A'/2 llCil ior one-half 
hour, the*mass diluted to 250 cc. and portions of 25 or 50 cc. 
each titrated against standard alkali, using azolitmin or methyl 
ot;ange as indicator. * 

In the British specification for “guncotton for cordite manu¬ 
facture” 0.2% t(f 0.3% of alkali estimated as calcium carbonate 
is required. ^ 

To prepare highly sensitive azolitmin from ordinary litmus, 

1. Atti. R. Accad. bincei, ^918, I. KM, abst. J. S. C. I. 1918, 37, 

008-A; C. A. 1919, 13, 262; Gazz. chim. ital. llflS, 48, II, 18; Chem. Zentr. 
1919, 90, II, 702. See also Atti. R. Accad. I.incei, 1919, 28, 1, 20; abst. 
J. C. S. 1919, US, i, 196. • • 

2. Gazz. chim. ital. 1920, £8, i, 139; abst •}. S C. I. 1920, 39, 479-A. 
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the following pfocedure is recommended by J. Meyer;' Litmus 
is jnixed with a small .quantity of concentrated sulfuric acid. 
The mixture is dried, pulverized ahd then extr^ted with abso¬ 
lute alcohol. The azolitmin is precipftafed from the alosholic 
extract by the addition of water. The author (Worden)* pours 
glaci^ acetic acid over litihus and extracts the mass with acetone. 

To avoid delay in filtering the (hydrochloric acid solution 
extract of the guncotton (wiJlh fne possible risk of slight change 
in the acidity), it is advizable to pipette off a known volume of 
the liquid for titration. To prevent small particles of guncotton 
being carried into the pipette a small aluminium cap fitted with 
filter cloth inay be attached to the end of the pipette. 

Sulfate (SO3) in Nitrocotton. It is well known that nitro- 
cottons, even after thoroughly washing with water, tusually re¬ 
tain a small quantity of sulfur compounds. The sulfinic acid 
used in (he mixed acids which are employed for nitration acts 
not only as a dehydrating agent, but also in U smaller degree as 
a “sulfating” agent. A small quantity of a cellulose sulfate ester 
is in consequence formed, and this may not be all removed in the 
purification process. Tlie “SO4" content of nitrocotton is usually 
not all derived fcom the sulfate esters smce a small quantity of 
inorganic sulfate may also be'present. Matjkowsky’ found 0.367% 
sulfiu-ic acid in well washed pyroxylin, of which 0.238% was in 
the form of sulfates. In pyroxylin less well-washed, this may be 
as high as 1%. The irffluence of cellulose sulfo-esters on the 
stability of nitroco^tons is cpnfidered in deta,il in the stability 
topic. Here ^e need only consider the methed of estimating the 
“SOj” contpn^, of nitrocotton. <■ » 

The following method may be employed for the siilfate esti- 

'i. D. R. P. 262838, 1912; abst. C. A. 1914, 8 , .790; Chem. Zcntr. 1913, 
84, II. 634; Chem. Zt* Rep. 1913, 37, 681; Wag* Jahr. 1913, 58, II, 254; 
Zts. ang. Chem. 1913, 28, 526; Priedlander, 11, 735. 

2. The so-called "chemically pure” litmus is used as the starting 
point, being first dissolved in hot water to a viscous vass. Glacial acetic 
acid is then added until effervescence ceases, the water-soluble carbonates 
being thereby converted into the corresponding acetates, soluble in acetone. 
The delique^nt mass is then evaporated to dryness, powdered, and intro¬ 
duced into a Soxhlet extractor, where it is extracted with acetone as long 
as the percolate comes through fluoresciat. The acetone extracts from 
65%-75% of the original puijfied litmus taken. The material is then removed - 
from the Soxhlet, ground to 100 mesh, and again acetone-extracted. By 
this treatment thp inorganic salts, oil, and eiythrolitmin are completely re¬ 
moved. The ash of aztditmin prepared in.this manner seldom exce^ 0.2%. 

3. BuU. Sm. Chim. 1885, a, 124g atet. Jahr. Chem. 1885, 88, 2197. 
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mation: 6 grams of dry nitrocotton are digested'with 50 cc, of 
redistilled nitric acid, a ciys^l of pojtassium chlorate is added 
and the who^ evaporated mearly to dryness. 5 C(i of concen- 
tralpd hydrochloric acid and one gram of potassiun^dilorate are 
added and the‘solution evaporated to di^ess. Tliis last step 
(of adding acid, chlorate and evaparation) is lepeated. Next 
the residue is boiled witj^ distilled water, filtered and washed. 
Barium chloride is add^ to thesfiltrate, which is then boiled, 
filtered and the precipitate washed; tlie filter paper and contents 
are then ashed in a weighed silica basin and sulfated in the or¬ 
dinary way. A blank experiment must be carried out on all 
reagents. In C. Piest’s method' 20 grams of nitrocdtton are heated 
with 70 cc. of nitric acid (sp. gr. 1.4) and 1 gr^of potassium 
nitrate. ♦The mixture is evaporated to dryness on the steam 
bath; the residue is then incinerated carefully and the sulfate in 
the neV residue estimated by extracting with dilute hydrochloric 
acid and precipitating with barium chloride. 


In determination of the sulfur combined as sulfuric esters in 
nitroeellulBse, C,Kullgren’ is unable to obtain reliable reSults by 
decomposition with alkali* or with aqua regia.* On a sample 
containing sulfates equivalent to approximately 28 mgm. barium 
sulfate per gram, tlje first methotf gives results varying from 9 


to 15 mgm., the second metlfcd 11 to 20 mgm. barium sulfate, show¬ 
ing that the organic sulfate is not readily decomposed by these 
methods. Oxidation with sodium peroxide is also unsatisfactory, 
results vary froip 6.9 to 24.3 mgm. barium sulfate per gram. The 
following method is found to give good results: 6.7-0.8 gm. nitro¬ 
cellulose is decomposed b)» lieating for '/i hour pn*a water bath 
with l(f cc. hydrochloric acid in a sm^l beaker; the denitrated 

1. Zts. anjf. CBwn. 1913, 28, 681; abst. C. A, 1914, 8, 673; J. S. C. I. 
1913, 32, 1087; Chem.^tr. 1913, 84, 11, 2184; ifteyel- Jahr. 1913, 23, 383; 
Wag. Jahr. 1913, 58, 1, 457. Cf. C. A, 1912, 8, 1360 Analyst, 1914, 38, 46. 

2. Zts. Schiesa. Spreng. 1912, 7, 89; abst. Wag. Jahr. 1912, 58. 1, 444; 
J. C. S. 1912, 18B, ii, 682; C. A. 1912, 8, 1366; J. S. C. 1. 1912, U, 303; 
Chem, Zentr. 1912, 83, 1, 1399; Chem. Ztg. Rep. 1912, 38, 293. 

3. C. Hake and R. Lewis. J. S. C. I. 1905, 24, 374„919; abst. Jahr. 

Chem. 1906-1908, II. 974; Chem. Centr. 1905, 78, I, 1702; J. C. S. 1005, 
^ i, 512; Chem. C4htr. 1905,78,1, 1702; Meyer Jahr. Chem. 1906, U, 857; 
Zts. ang. Chem. 1905,38,1^ . 

4. C. Cross, B. Bevan and J. Briggs, Brr. 1906, 38 , 1869, 3531; abst. 
J. S, C. I. 1905, 24, 685, 1261; Jahr. Chem. 1905-1908, II, 986; BnU. Soc, 
Chsm. 1906, 38, 638, 639; J. C. S. 1906, 88 , 612; Chen*. Centr. 10Q5, Tt, II, 
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material is thta evaporated to dryness in a porcelain boat, and 
heated in a combustion tul)e in a (jurrent of oxygen. The sulfur 
dioxide evolved is absorbed in caustic soda. * The sulfite is oxidized 
to sulfate ahd precipitated as barium sulfate. The results.ob- 
tained varied from 26--29 mgm. barium sulfate per gram. The 
nitrocelhilose used for the kxperiment had received only V4 the 
u.sual boiling in purification. A sampl^ taken after boiling was 
completed contained It.'J lygmf batium sulfate per gram of nitro¬ 
cellulose. 

E. Caron^ determines combined sulfuric acid by treating the 
nitrocellulose with hydrogen dioxide and sodium Ijydroxide solu¬ 
tion, heating (or min., cooling, repeating the treatment, and 
then sligfttly acidifying the mixture with HCl. After filtration 
the sulfuric acid in the filtrate is precipitated with bariam chlor¬ 
ide in the usual manner. , 

V. Hottenroth’ also employs concentrated hydrochloric acid 
and heats for several hours until the solution can be diluted 
without the formation of a precipitate of hydrocellulose. 

Merfiuric Chloride 4t Nitrocellulose. The presence of a 
small quantity of mercuric chloride in guncotton, geligtiite, blast¬ 
ing gelatin, etc., interferes w\th the heat test. As small a quan¬ 
tity as 1 part of mercuric chloride in 100,000 may increase the 
heat test of a nitrocellulose from 10 minutes to 30--.10 minutes or 
even higher. The presence of mercuric chloride does not neces¬ 
sarily mean that the stability of the nitrocellulose is increased. 
'Ehe presence of the salt masks the true heat test and a 
false idea of the staibiRty of the explosive may’\)e .mferred.'' It 
is therefore (rf ?hipa’'tance to be able 'to carry out the l\fat test 
under fuch conditions thtt the presence of mercuric chloride will 
not interfere with the /est. This can be done,b^ carfying out the 
test in presence of silver foil or by the use, instead of potassium 

1. W. Barlow, J. A. C. S, 1904, 26, 341; J. Landw. lOttl, 51, 289, 
abst. J. C. S. 1904, 86, ii, 82; J. S. C. 1. 1904, 23, .502; Rep. Chitn. 1904, 4, 
330; Chem. Centr. 1904, 75, 1, 118; Jahr. Cliem. 1904, 57, 817. 

2. Ann. Cliim. Analyt. 1919, 1, 23,5; abst. J. S. C. I. 1919, 38, 74I-A. 

3. Chem. Ztg. 1914, 38, 515; abst. C. A 1914, 8, M44; J. S. C. I. 1914, 

33, 470; Chem. Zentr. 1914, 85, 1, 1853; Kunsfr. 1914, 4, 239; Zts. ang. Chem. 
1914, 27, II, 461. J, 

4. -W. Hargreaves and W. Rowe, J. S, C. I. 1907, 26, 813; abst. C. A. 
1907, 2, 2636; BuU. Chim. 1908, 4, 58; Rep. Chim. 1907, 7, 449; Chem. 
Centr. 78, II, 1192; Chem. Ztg. Rep. 1907, 31, 570; Jahr. Chem. 1906-1908, 
I, 3181; Eng. Min. J. 1907, 84, 443. 

i 
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iodide, of an indicator which is not affecCed by ijiercury salts 
Independent of the heat test it is of importance to be able to 
ascertain the actual presence tf mercufy salts in a nitrocellulose 
and to be abld to determine (juantitatively the amount actually 
pre^uit. It is claimed that mercuric chloride is added to wet 
guncotton to prevent the developmeijt of bacteria and, molds, 
and undoubtedly it has this property. It is probably added in 
certain instances with lift objgct^)f increasing the difliculty of 
obtaining a tnie heat test.' • * 

Since mercuric chloride has a strong alTmity for organic mat 
ler and owing to the fact that a trace only is presjut, its accurate 
estimation' in rtitroa-llulose is somewhat difiicult. ,J. Moir* em¬ 
ployed the following methods for its estiinatirm: His firs^method 
is in reality a combination of the older methods*of Hargreaves 
and Rowe’ and that of K. hlann.‘ The moist guncotton, along 
with a 4 )iece of (ignited) si^er foil, is placed in a flask immersed 
in boiling water, ;pid ait is aspirated through it, and then through 
bulbs containing 2% sulfuric acid. After two hours any mercuric 
chloride wh^ch has escaped the silver becomes deposited thereon by 
using the foil as'anode in electrolyzing the dilute suliliric acid 
from the Inilbs (tevo hours with about 4 volts rcciuircd). Thejoil 
is dried and the deposit*siddinied op to a microscope slide, as in 
the oilier nicthods. * , 

S. Jannopoulos'’ employs a somewhat sunilar method, except 
that he replaces the silver by thin eppper foil and uses hydro¬ 
chloric instead of sulfuric acid. 30-10 grams of guncotton are 
made into a stiff paste with w&ter and pieces ^ a bright thin 
copper sheet placed in it; a few cc. of conceEtrated hydrochloric 
acid are.added to the paste, which is stirrcd»up*aifd allowed to 
stand for a few days. The copjier piccl-s are washed with very 

1. Chem, News’ »tX)8. 97, i:5.'t. • 

2. J. Chem. Met. Min. Soc. S. Africa, 1907, S, No. 7; Chem. News, 

1908, 97, i:i3; Chem. Zentr. 1908, 79, 1. 1050; ]ahr. Chem 1!X)5-1908, II, 
980; J. S. C. I. 1908, 27, 421. . . „ 

3. See J. Henderson and P. Jones, Proc. Roy. Soc. Queensland, 21, 

51;abst. C, A. ItmS, 14tS0. _ _ . . 

4. j. Chem. Met. and Min Soc ,S. Africa, 1907, 8 , 7^. 7; abst. J. S. 

C. 1. 1908,27,421. , _ 

5. Zts. Schiess. Sprengs •lOlO, S, 47; abst. J. C. S. 1910, 98, ii, 549; 
Chem. Zentr. 1910, 81, I, 1051; Jahi*. Chem,^910, 63, 425; C. A. 1910, 4, 
1100. 7th Inter. Cong. Appl. Chem; J. S. C. 1. 1910, 29, 235; Meyer Jahr. 
Chem. 1910, 20, 328, Wag. Jahr. 1910, 56, I, 496; Zlj- ang. Chem. 1910, 
23, 1963. 



‘ f , n 

2304 TSCHNOLOCy OP CBU.UI,OSB BSTSRS 

V 

dilute caustioisoda solution, tlfe with distilled water, and finally 
with alcohol and ether. It is then placed in a desiccator to dry. 
Thd copper-strips are roU^ up arid placed in a'glass tube which 
is open at botlj ends. A microscope gl^^s slide is placed over the 
upper opening. The tube is placed in ah incliaed position and 
heateddin a llEime just bel^w the copper roU. The minute drops 
of mercury collecting on the glass slide can be recognized under 
the microscope as such, or aftpr the action of iodine vapors upon 
them as mercuric iodide. Under fixed conditions the resulting 
stain may be compared with a standard set of stains and the test 
made approxiniately quantitative.' 

The second method of J. Moir consists in conversion of the 
mercury salt into a .non-volatile compound. The cotton is ex¬ 
tracted with fiot, very weak potassium iodide solution, and the 
extract (containing KaHgU) concentrated to a small bulk and 
electrolyzed. Iodine separates on trie platinum basin used as 
cathode,'and the whole of the mercury collects on the gold or 
silver foil anode after two or three hours, and is worked up as 
above. The latter method is the quickest and most sensitive the 
author Eas as yet triedi and has the advantage of absence of all 
danger of explosion. 

C. Wolff* has also described a methdd of separating traces of 
mercury by electrolysis from liquids containing much organic 
mattef. He uses a strong platinum wire spiral for the positive 
electrode and for the negative electrode a thin iron wire which 
is first coated with copper and finally with silver. After the 
mercury is deposited Che cathbde'is withdrawn, vtehed with water, 
alcohol and ether, iind the mercury then volatilized'and deposited 
in the cool portion''of a narrow tube. A small quantity of iodine 
is theii introduced and Volatilized by gentle heat. On ascending 
the tube it changes , the metallic mercury into tBe iodide. The 
method is extremely delicate; 0.00001 gram of mercury dissolved 
in 100 cc. of water gives a very distinct ring of the iodide. The 
test may be made quantitative. 

J. Berkhout* dissolves 2 grams,of nitrocellulose or nitro- 

1. The mercury may also be vaporized and tiie vapors allowed to 
impinge on a piece of gold foil, the mercury amalgamating with the gold. 

3. Zts. ang. Chem. 18a3,1,294; abst. J. C. S. 1889, SC, 441; Ber. 1888, 
21 , R-4e4; Chem. Ind 1888, U, 525; Jahr. Chem. 1888, ^ 2568; Wag. Jahr. 
1888, H 622. 

3. Zts. Schiess, Spreng. 1912,7, 67;<abst. C. A. 1912, ^ 1366; J. C a 
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cellulose powder in 20 cc, acetone, and transfers tf> a mortar 
containing finely ignited copper ojide; lieiniixes to form a gran¬ 
ular dry mass, aljpwing the aeftone to evaporate. Thc»inixtttre 
is placed in one en^ of a glass ttil)c (.500 x 14 mm.) ;8ul more 
copper oxide added. Tlie empty end of the tulK- is then heated 
and drawn out to form bulbs connected •ijy capillaries. A ^enl 
delivery tube connects the |ube with water in a Ijcahcr. The 
mixture in the tube is heated cafcfi^y ov*r burners so that a 
slow current of bubbles passes through the beaker, the four bulbs 
being cooled with water. After evolution of gas ceases, the por¬ 
tion of tube beyojid the copper oxide is fused off, the mercury 
condensed in the bulbs is washed out and collected on a watch 
glass, and the diameter of the globule measure*! by naeans df the 
microscope. •From the diameter the weight of mercury is cal¬ 
culated. Larger globules arc \*eighcd direct. 

By tlfe aid of spectijun analysis (as pointed out by Hr. 
Duprd') the presenc{ of traces of mercury salts in nitrocellulose 
may be detected. G. Patterson^ has described simplified metjiods 
of preparation for the spectroscopic testing of nitrocellulojc for 
mercury. Two gm. samples are dissolved in organic solvents and 
electrolyzed directly in the solvent, or, when only partly soluble, ex* 
tracted by such solvent;* and the reskluc treated with nitric acid 
to destroy all organic material,*thc residue being extracted with 
water and electrolyzed. Metallic mercury is* detected by *1110 
modified or second method, llie njethciti is also applicable for 
separation for quan^tative determinations, ^he method i^ ac¬ 
curate to O.OOOOOl ^m. of mercury, but fajls^wifli less than 
O.OOOfXWl gm. of mercury. • * , • • 

J. Florih* has also described in detail a spectroscopic method 
for the analysis of nitrocellulose. The method is applicable in 
addition to the identification of other methods. 

Determination of Fineness. To determine the “fineness 


1912, 102, U, 689; ChAi. ZenU. 1912, 81, I, 12.51; Wag. J; 

444. In this connection see P. Raaschou, Zts. anal. Chem. 1910, 4 », 17Z, 
abst Chem. Zentr. 1910, 81, 1, 1645. • 

1. J. S.C.I.I907,W,813.^. . ^ - 


708,3146; 1909,1, 836, 1460; 1910, 8, 961. 

3. its. Schiess. Spreng. 1911, 6, 21, ato Wag. Jahr. 1911»W, 
I, 477; C. A. 1911, 5, 2177; J. C. 8. 1911, 188, ti, 1033; Chem. Zentr. 1911, 
82, 1.1453. Ann. Mines Belg. 1910. 
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of various ni/.rocottons the following method may be employed: 
M) grams of dry nitrocellulost are weighed out and transferred 
to a 250^cc. stoppered cylinder and 100 cc. ofcV/lO hydrochloric 
acid and 100 cc. of distilled,water a^ded. cylindef is then 
shaken up for two or three minutes until no particles of pitro- 
cotton show a tendency to float on the surface of the liquid, and 
finally allowed to stand, the time toeing noted. At the end of 
half an hour the volume accupied by the solid in the cylinder is 
read off; this gives the fineness. Corrections have to be made 
for different shaped cylinders, and for this reason it is customary 
to use the,same kind during a scries of compatativc tests. After 
the cylinder has stood a further half hour, 100 cc. of the clepr 
liquftl are fipetted off and transferred to a conical flask where it 
is titrated against Af/10 caustic soda solution, rrtethyl orange 
being used as indicator. If * cc^is the amount of iV/10 NaOH 
required then the percentage of alkalinity calculated as CaCOj is: 

—50 — * 

10 

Another test sometimes carried out consists m thoroughly 
Vetting a definite weight of nitroco).ton with a large excess of 
water in a stoppered measuring cylinder, The cylinder .and con¬ 
tents are allowed to settle and''the volume of the nitrocotton 
read off. Wlien the test is carried out under standard conditions, 
the settling test gives fi^ire? for comparison of fineness of various 
products. 0 . 1 1 

Determinatjou of Density. There are' seyeral methods for 
determining tliq, specific gravity Of dry and wet comj)ressed gun- 
cojtton, and in the latter case, knowing the moisture content, the 
density may be obtained. Weighing wet Jjlocka in Water and then 
in air is a ready approximate method, or planing wet guncotton 
blocks into cubical form, measuring in order to obtain the cubical 
contents and then weighing is also rapid and /airly accurate. 

The rjiethod of determining the density as described by Bode, 
making use of the Bode densimeter, is perhaps the mOst accurate, 
considering the time involve^ in tiiaking the determination, and 
is found by determiriing the space which a quantity of the nitro- 
celbtlose of kfcown weight occupies; or inversely, by determining 
the weight ^f a given quantity of material filling a known space. 
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In practice, however the latter method is nearly always used. 

The apparatus consists of a base platf with standard, and a 
movable bracket carrying a glass vessel into which the trjmework 
of a sc^Je dips. ^Tie upper rim of the glass vessel is gr«pund off, 
and is made of strong glass in ordef'to withstand the pressure of 
mercupf on it. The scale is of steel, the three arms being con¬ 
nected on the top by a horjiontal triangular frame, the central 
boss of which is perforated. J • 

Three steel.pins are firmly screwed on to this boss. A disc 
with three perforations through which the steel pins pass, carries 
a vertical graduated scale, which passes through flic whole of 
the boss, the reading being taken on the upper edge of the latter. 
The disc is made sufficiently heavy to just flo3t on He meicury. 
The apparatas is set up perfectly horizontal on a table by means 
of adjusting screws, and the, glass filled with chemically pure 
mercury free from dust. ,Thc specific gravity of the mercury is 
cither detennined in* the usual maiiiier, or by a steel capsule of 
217 gm. weight, the sp. gr. of which at 13.7.')° is 7.ii.").i2. After 
the room teiiij»eratui;p has been noted, the steel capsule is floated 
on the mercury, and the weighed scale put on to it. 

Weights are then plaged on the scale until the capsule iS 
pressed so far down that the disc just touches the .surface of the 
mercury. If the weight of th? capsule lx; .S', and its sp. gr. />, 
the weight of the scale W, the weights placed on it 6', and the 
weight of the mercury displaced Q, then ' 


• Q G+ W + S 
The volume of the steel caps'hle is V ■- 

and hence the sp. gr. of the mercury is P 


.S' 

. Q 
V 


» • 

(6' -f W + %p 
' S 


The upper tap is next closed and the lower one opened, the 
cylinder is filled with mercury and again weighed. The difference 
between th§ two weighings of the cylinder, i. e., with aftd without 
thfrnitroceUulose, enables the density of the latter to be calculated 
»as follows: “ • 

Let P equal the weight of nitrocellulose used. T is the weight of 
the steel cylinder with thq mercury. 
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7 1 = r 4- the material. 
t° =» terapei?iture of the Hg. 

5 = density of material. 

Then S = ^3.59(1—0.00018 


The Determination of Nitrogen. Many methods have been 
suggested for the determination of nitrogen in nitric esters. The 
most generally employed firocess is that worked out by Lunge. 
The principle of this method depends on the following reaction, 
which was fust investigated by W. Crum.‘ 

2 KNOj + 4H.2SO4 + OHg = 

, < 3IIg2vSO, + K2S04 + 4 H 2 O + 2NO 

a similar type of reaction occurs with cellulose nitrate and all 
the nitrogen is obtained in the forrq of nitric oxide. 

The determination of nitrogen by the Lunge nitrometer will 
be first considered. 

The infiuence of slight modifications in the method of carry¬ 
ing'out the nitrometer test have been extensively studied. In 
the reaction between mercury, concentrated sulfuric acid and 
cellulose nitrate in the nitlometer a small amount'of sulfur di¬ 
oxide is formed.* The nitric oxide usually contains traces of 
carbon dioxide and carbon monoxide formed in the decomposition 
of tke cellulose group. Traces of nitrous oxide and nitrogen may 
also be present on account of a slight reduction of the nitric 
oxide.* The nitrogen figure obtained by the nitrometer method 
is usually slightly lower (about 0.2%) than that obtained in the 
Schloesingi's,.method.*'* The in7e,stigations of various workers 

1 . Ann. ltW7, «2, ,‘2.33; J. prakt. Chem. 18i7, 41, 20f: PhU. Mag’ 
184',, (3), 30, 426; J. Pharm. 1847, (3), 12, 296; Jahr. Ch«ji. 1847-1848, 1> 
1130; Glasgow Phil. Soc. Proc. 1844-1848, 2, 163; Abn. *847, 62, 233. 

2. C. BaskervUlc and P. Miller, J. A. C. S. 1898, 26, 515; abst. J. S. 
C. I. 1808, 17, 795. J. C. S. 1898, 74, ii, 22; Jahr. Chem. 1898, 51, 404. 
Reply to T.'Pitman, J. A. C. S. 1898, 20, 100; abst. Chem. Centr. 18^, 60, 
I. 709. See also C. BaskervUle, J. A. C. S. 1895, 17, 904; Chem. Centr. 
1897, 6S, I, 10; J. C. S. 1896, 72, ii. 474. L. Andrews, J. C. S. 1897, 73, 
ii, 22; J. A. C- S. 1896, 18, 251; Chem. Centr. 1896, 67, I, 885. S. Pieker- 
ing, J. C. S. 1878, S3, 112. 

3. M. Marqueyrol and D. Florenfin, Btill. Sjc. Cbim. 1911, 9, 231; 
abst. J. S. C. I. 1911, 30, 509; C. A. 1911, 5, 2050; Wag. Jahr. 1911, 57, 1,. 
476; J. C. S. 1911, 100, 41. 437; Chem. Zentr. 1911, 82, 1, 1442; Zts. ang.* 
Chem. 1911, 26, 1380; Chem. Ztg. Rep. 1911, 35, 301. 

<i. M. Koddler and M. Marqueyrol, Ann. chim. anal. 1913, IS, 91; 
abst. C. A. 1913, 7, 2116. "J- C. S. U)l?, 184, ii. 241; fiuU. Soc. Chim. 1913, 



CEI,l,UU)SB NITRATES 


2309 


with regard to the importance of these and othe^ factors on the 
analytical value of the nitrometer determinations will be briefly 
indicated.* » 

According to £. Berl and A. Juirissen*^ the ordinary nitrom¬ 
eter method of determining nitrogen the difficult;^ in obtmning 
consistent results is due mainly to the irregular action of the 
concentrated sulfuric acid ^ which jnany gelatinous nitrates arc 
not readily soluble. Tlie acid acting* as aif oxidizing or dehydra¬ 
ting agent sometimes gives rise to gaseous products other than 
nitric acid, thus leading to high results. It is also claimed that 
oxime formation* may sometimes occur. This prevents some of 
the nitrogen being set free and leads on th(^ other hand, to low 
results. • 


While a small amount of carbon dioxide and carbon monox¬ 
ide may»be formed in the flecomposition of guncotton, greater 
quantities of these gases •will be produced in the analyses of some 
gelatinized powders. This is due to the increased difficulty in 
dissolving tljpse materials and the consequently greater action 
of the acids on th5 nitrocellulose. In addition such sutetances 
as are added either as stabilizers or to reduce muzzle flash may 
react with the nitrosyl sulfuric acid afd so increase the possibility 
of oxime formation.* C. Joy<jp and H. LaTourette* correct, when 
necessary, for the solubility of nitric oxide in julfuric acid of 95% 
concentration. This solubility decreases when the temperature 
rises above 28°. They also correct for other gases produced by 
the breaking down'jof the cellulosi molecule ili thegiecomposition 

U, 48, 69; Chcm.'z«itr. 1913, S4, ft 1725; Zts. anal. Chenv 763; 

Zts. ang. Chem, 1913, 26, II, 355. See also C. A. 1911,», 2050; 1913,7,1609. 

5. P. Nicolardot and G. Chertier, Compt.^end. 1910, 151, 719;^bst. 
Jahr. Chem. 1910, 63, <23; C. A. 1911, 5, 1588; J. C. S. 1910, 98, i, 818; 
J. S. C. I. 1910, 29, 1299* Bull. Soc. Chim. 1911, 9, 866; Chem. Zentr. 1910, 
n, 11, 1888; Chem. Ztg. 1910, 34, 1213; Meyer Jahr. Chem. 1910, 20, 328. 

1. J Newfield and J,.Marx, J. A. C. S. 1906, 28, 877; abst. J. C. S. 
1906, 90, U, 628; Cham. Centr. 1906, n, II, 816, 

2. Zts. ang. Chem. 1910, 23, 241; abst. J. S. C. I. 1910, 29, 374; C. A. 

1910, 4, 1140; J. C. S. 1910, 98, ii, 240; Chem. Zentr. 1910, 81, 1, 1637; Jahr, 
Chem,' 1910, W, I, 594; Meyer Jahr. Chem. 1910, 20, 328; ZA. ang. Chem. 
1910,23,241. , . .. 

3. O. Poppenberg and E. Btephen, Zts. Schiess. Spreng. 1909, 4, 350; 

abst. J. S. C. I. 1909,», 1064; C. A. ISIO, 4, lfl?4; J. C. S. 1910, 08, u, 451; 
Chem. Zentr. 1909, U, II, 1591; Jahr. Chem. 1909, 62, II, 48; Wag. Jahr. 
1900,56,1,447. „ R . 

4. J. Ind. Eng. Chem. 1913, 5, 1017; absV C. A. 1914, 0 , 473;^hem. 
Zentr. 1914, tt, I, Zts. ang. Chem. 1914,27, II, 674. , 
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of the nitrocellulose. The ordinary nitrometer method is not 
app\icable to tlie analysis of celluloid or substances containing 
aromatic ring compounds. E. Beckett* examined the gases formed 
in the Eun^e nitrometer during the de(Somposition of gunc9tton. 
The determination of nitrogen was carried out'^by two methods. 
In the first method (a) a quantity of guncotton was placed in 
the cup of the nitrometer with sticcessjvc quantities of 5, 2.5, 2.5 
and 5 cc. of sulfuric acid (cone. (15.5). In the second method (b) 
a similar procedu^ was adopted except that 1 cc. of water was 
added before shaking the nitrometer. In method (a) 111-115 cc. 
of gas were obtained. This gas (mainly nitric oxide) contained 
0.4 cc. of a iliixture of carbon dioxide and sulfur dioxide, as well 
as 0.6 0 '.. of pitrogeii. The residual sulfuric acid contains nitro¬ 
gen equivalent to 0.75 cc. of nitric oxide. The 15 eg. of 96.5% 
of sulfuric acid used, contained 0.4 cc. of nitrogen gas, of 
which 0.35 cc. was evolved in the nitrogen determination of the 
guncotton. Part of the nitrogen in the gas jvas probably pro- 
dueed by partial reduction of the nitrie oxide. The errors pro¬ 
duced by these impurities balance one another, so that the gas 
evolved* is supposed to* be pure nitric oxide and to contain all 
and only the nitrogen in the guncotton, correct results are ob- 
tained.^ In method (b) slightly higher results are obtained. 
The increase in the volume of gas iti caused by the presence of a 
larger quantity of impurities (carbon dioxide, carbon monoxide 
and sulfur dioxide) in the* nitric oxide. The greater quantity of 
gas was caused solely by the heat evolved on adding the water 
and was not due to the use of more dilute afld. According to 
M. Marquevrpl and D. Florentin> Ijy employing acid of 94%- 
94.5% strength, very accurate results are obtained with Lunge’s 
nitrometer eis modified by F. Horn’ without jiny correction. To 
obtain consistent results with the nitrometer,' A. Herve* emphasizes 


1. J. S. C. I. 1914, 33, 628; abst. C. A. 1914, 8, 3120; Chem. Zentr. 
1914, 85. II, 803; 1915, 88, I, 98; Zts. Schiess. Spreng. 1914, 9, 394; J. C. S. 
1914, 106, ii, 673; Zts. ang. Chem. 1914, 27, II, 654. 

2. A. Koehler, M. Marqueyrol and P. Jovinet, Ann. chira. anal. 1913, 
18, 45; abst. C. A. 1913, 7, 1609; J. S. C. 1.1913, 32, 253; J. C. S. 1913, 104, 
U, 334; Chem. Zentr. 1913, 84, 1. 1232. 

3. Zts. ang. Chem. 1892, 5, 200, 358^ abst. T. S. C. I. 1893, 12, 185; 
Chem. Centr. 1892, 63, I, 962; Chem- Ind. 1892, IS, 435; Jahr. Chem. 1892, 
45, 2639; Meyer Jahr. Cheni. 1892, 2, 366; Wag. Jahr. 1892, 38, 387; Chem. 
Ztg. 1893, 17, 1004; Tech. Chem. Jahr. 1891-1892, U, 150, 151; Dingl. 
Poly. KS93, 287, 93?'Arms and Explo. 1892, 1, 155. 

4. Mon. Sci. 1918, 62, 241; abst.J. S. C. I. 1919, 38, 48-A; C. A. 1919, 
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the necessity of verifying that the reaction witlk tlie mercury is 
complete. It is necessary ajtci'the voltime has been read off to 
again shake the nitrometer. Two vigorous shaking^ in all are 
usuaffy sufficient* If readings shill are Bot constant it is neces¬ 
sary to shake until such is the case. Wlien the volume is con¬ 
stant, very little further variation in tfie gas volume is noticed if 
a new reading is taken evin after ^long inter\'al (2 days). (Ine 
cause of the divergent results obtained When the test is carried 
out under different conditions is due to the solubility of the 
nitric oxide in concentrated sulfuric acid. The sohibility is 0.03.') 
cc. per cc.'of tirid in the case of 91% sulfuric aei^. However, 
in acid of 8.5% concentration, the gas is msojublc and it is recom¬ 
mended to arrange the test so that the acid in flie tu^c after 
the nitroc^lulose is dissolved (in 909; acid) has a final concentra¬ 
tion of SiV/f,. * 

The pressure jxerted on the gas in the nitrometer, according 
to V. rianchon,* causes secondary reaction to occur between the 
oxide of nitrogen and the sulfuric acid, with the result .that er¬ 
roneous readings iJre obtained. To avoid these errors t^ie reac¬ 
tion between the mercury, sulfuric acid and guncotton is carried 
out in a vacuum in a flask attached Jo a manometer and volumes 
as great as .'it) cc. of sfllfuric acid may be employed. 

It. Berl and II. Jurrissen also carry out the reaction between 
the merairy, sulfuric acid and guncotton m a separate vessel 
(decomposition flask) and measure the gas in a nitrometer. The 
strong flask (2.')0-800 cc.) employed is fitted 'vith i^hollow. 4 tround 
glass stopper iiscpanding to a pear-shaped top*through which the 
stem of dropping funnel eilters and from which a’dHivery tube, 
provided with a three-way cock, leads tef a vacuum pump, fit an 
eudiometer, or a cafhon dioxide generator, ^litratcs, nitrites and 
nitro-substitution compounds are analyzed by treatment with 
sulfuric acid and^nercury in an atmosphere of carbon dioxide or the 
first two classes, and by oxidation with sulfuric acid and chromium 
oxide in vacuo and subsequent treatment with merqpry for nitro 
substances. Usinj sulfuric^acid of a concentration of above 80% 

M, 616; Ann. Rep. Soc. Chem. Ind. T919, 4,»543; Chem. Zentr. 1919, M, 
II, 622. 

1. Ann. chim. anal. 1915, 20, 189; abst. C. A. 19^6, 10, 969jJ. C. S. 
1915, 108, ii, 793; J. S. C. I. 1915, 34, 1031; CSiem. Zentr. 1916, OTfl, 726; 
Zts. Schiess. Spreng. 1916, U, 22. 



2312 


tec; 


hIJowkJy 


OP CELLULOSE ESTERS 


the nitrogetf is^set free as nitric oxide and may be collected for 
measurement in an eudiometer,filled with 20%-30% potassium 
hydrate solution or saturated sodiufn sulfate solution or mercury, 
but a few'cc. ,of potas^um hydrate sdlution rnust be used: with 
sodium sulfate or mercury in order to absorb carbon dioxide. 
The rftethod is accurate ilot only in the case of cellulose nitrate, 
but also with compounds of the type;'of potassium nitrate, and 
(after oxidation) with such (jbmjjounds as the nitro-derivatives of 
toluene,' phenol, naphthalene, aniline, etc. The method is also 
suitable for the determination of nitrogen in gelatinized nitro¬ 
cellulose, dynabiite and nitroglycerol.' Amide aijd imide nitrogen 
are not affected in this process, making it possible to determine 
the nitt-ogen cn cellulose nitrate even when such compounds as 
/^-nitrosodunethylaniline or such stabilizers as urea or diphenyl- 
amine are present. The preliminary' oxidation avoids the errors 
which the presence of bodies like vaselipe, camphor, etc., intro¬ 
duce into the ordinary determinations. ' 

A gravimetric method may also be employed for the deter¬ 
mination of nitrogen in 'nitric esters. 
An apparatus called a nitro-gravimeter 
(se6 Fig. 287) has been suggested by 
B.' Oddo.® A weighed quantity, of the 
substance'i'or analysis is placed in flask, 
A, with a little sulfuric acid as solvent 
and the tube D containing mercury in 
ex^es^ of the weight of_ sulfuric acid used 
is introduced. The ••mercury employed 
should be piu-ified before'use, with potas- 
, sium cyanide solution (2%).* The 
Fio. 287.— Oddo Nitro- stopper ■with the tubes ^ and C fitted is 
gravimbtsr '■ then inserted. Tube, C, contains a small 

quantity of sulfuric acid. Dry carbon dioxide is aspirated through 
the apparatus until all acid is expelled (taking abodt 40-45 minutes). 



1. D. StRnojewitsch, Zts. ang. Chem. 1894, 7, 676; abst. Chem. Centr. 

1895, C$, I, 132; Jahr. Chem. 1894, 47. 2865; J. C. S. 1895, 68, ii, 248; Wag. 
Jahr. 1894, 40, 510; J. S. C. 1. 1895, U, 186, 199. » 

2. Gazz. chim. ital. 1917, 47, II, 145; abst. J. S. C. I. 1917, 36, 1195; . 

C. A. 1918, 12, 1124; J. C. « 1918, 114, U, 48. * 

3. W. Bettel, Chem. News, 1908, 97, 158; abst. C. A. 1908, 2, 1645; 

J. C. Sb 1908, 94, i;, 382; J. S. C. I. 1908, 27, 407; Bull. Soc. Chim. 1909, 

6, 399; Chem. Zentr. 1908, 79,1, 1672. • 
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The tubes ts ana C are then closed and the apparsttus weighed. 
The tube C is then opened and,the contents of t) allowed to fall 
into the acid bjj tipping the flask. The apparatus is shaken with 
a cianilar motioj and also gently heated until tlie'*bubblcs of 
nitric oxide pass regularly through the acid in C. The evolution 
of gas is complete in 3-4 minutes and fhe flask is rtjnncctrti with 
the carbon dioxide genemtor to remove the remaining nitric 


oxide. The loss in weight gives' thef^moupt of nitric oxide. The 
percentage of nitrogen 0.40084 G (H^O/H') where G = nitric oxide 
evolved and W = weight of sample taken. 

When nitrqfcllulose is boiled with ferrous chlofide in presence 
of hydrochloric acid all the nitrogen is evolved as* nitric oxide. 
This reaction as originally worked out by P. Cha«ipion#and H. 
Pellet' is sot used now in the original form, but a modification 
known as the T. Schloesing method^ as modified by Schultze- 
Tiemanh and R. Schmidt, is employed in many laboratories, es¬ 
pecially as a contrM test.’ 

The apparatus consists gf a strong flask (200 cc. capacity) 


1. Cornet, reiut 1870, 83, 707; abst J. C. S. 1877, 31, 228; Bcr. 1877, 

10, 735; Chem. Cenlr. 1877, 48, 32:1, 738; Wax. Jahr. 1870, 22, fTO; 1877, 
23, 385; Chem. Tech. Rep. 1870, 16, 1, :'S8; Jahr. Chem 1877, 30, 11,59; 
Jahr, rein Chem. 1877, 5, 175. Sec also Mon. ,Sci. 1876, 18, 1100. *Sec 
also By. 1870, 9, 1610; Chem. News, 187«, 34, 205; Zts. Chem. Grossgew. 
1876,1,233. * 

2. Ann. Chim. Phys. ia54,^3), 40, 479; ahst. Chem. Centr. 1854, 25, 

509; Jahr. Chem. 1854, 7, 662; J. prakt Chem. 18,54*62, 142. For improve¬ 
ments on this method see L. deKoninck, Zts. anal. Chem. 1894, 33, 200, 
abst. J. C. S. 1894, 66, 206. J. Newfnjlil .add J Marx, J. A. C. S. 1906, 
28, 877; abst. Chem. Centr. 1900, 77, II, 810. C. Davidson, Chem. News, 
1900, 81 97. V, PlSnchOT (Ann. Chltn. Analyt. 1.715, 21 189; abst. J. S. 
C. I. 1915, 34, 1031'J. C. S, 191.5, U8, ii, 793; Glit^t ^tr. 1916, 87, I. 
726; Zts. Sehiess.'Spreng. 1916,4{l,i!2>for the manonitrornctric analysis of 
nitroeottoi^ which consists of a flask fitted with a thre#-way metallic stopper 
allowing connection with the atmosphere and/or with a barometer tube 
dipping into mercury and furnished with a movable scale. A rubble ring 
between the stopper and the flask, compres.sed by g screw frame^ in which 
the flask is clamped, ensures air-tightness. A known weight of nitrocotton 
(about 2.5 gm.) and fixed volumes of sulfuric acid and mercury are placed 
in the flask, which ij then exhausted by a water-pump. The scale is adjust^ 
so that the mercury in the barometer tulre stands at zcro,_ and the flask is 
shaken violently until the pressure remains stationary. It is then immersed 
ill water and the temperature taken. From the temperature, iwessure, weight 
of guncotton, and the known capacity of the flask and barometer tube, the 
degree of nitration mi^ be calculated. About 5 gm. is used for the analysis 
of xutrating acids. Variations in the strength of the sulfuric acid employed 
between 90% and 97% do not sensibly affect The accuracy of the method. 
Refer to A. Wohl and 0. Poppenberg, Ber. 1903, 36, 676; abst. J. S. C. I. 
ian.3 ».aa9 a Wnhl Per. 1902.35.3485.^93. * • 


1903, 22, 442. A. Wohl, Ber. 1902, 35, 3485, 
3. A. Koehler, M. Margueryrol and 


Loriette, Ann. Chim. ansd. 
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fitted with a'two-hole rubber stopper for two tubes. One of the 
tubes (o) passes to the lower end of a water-jacketed measuring 
tube (containing sodium hydrate solution, sp. cgr. 1.25)., The 
second tube (6) passes into a test tube (c). This latter tube is 
used, for the introduction of liquids into the flask. Each tube 
has a rubber connection ahd may be closed by means of a pinch- 
cock. 0.5-0.65 gram of the dry finoy divided nitrocellulose is 
placed in the flask and* 25 cel of boiling water added. The con¬ 
tents of the flask are boiled m order to free the apparatus from 
air. The pinch-cocks on the two tubes are then closed and the 
source of heat removed. 25 cc. of concentrated solution of fer¬ 
rous chloride and 10-15 cc. of concentrated hydrochloric acid are 
boiled fh the test tube and then introduced by means of the tube 
(h) into the flask, care being taken to prevent the entrance of 
air. A few cc. of water are next introduced in order to wash in 
the remainder of the acid. The tube (5) is again closed and the 
contents of the flask heated. When the rubber-tube connections 
become .slightly inflated the pinch-cock in tube (a) is opened and 
the gas, collected in the measuring tube. The evofution of gas 
continues for about 15 minutes. More boiling water .is then run 
into the flask and the contents again boiled. The operation is 
repeated as long as any extra gas is collerted in the medsuring 
tube. The usual method is emplojled to obtain the volume of 
the e^^olved gas at normal temperature and pressure. 

The chief sources of error in the modified Schloesing method 
are caused by the presence of ab in both the carbon dioxide and 
the hydrochloric ?cid. The nitric oxide also'reacts to a small 
extent with'the alkali in the nitronletfcr forming potassium nitrate, 
nitrous acid and nitrogen. There is also some difficulty in com¬ 
pletely removing carbon dioxide from the nitt'ic oicide. To allow 
for these errors it is suggested that the experiment should be 
carried out under carefully standardized conditions. It has al¬ 
ready been mentioned that in the determination of nitrogen in 
guncotton a,, slightly higher result is obtained in the Schloesing 
as compared with the nitrometer method. Tljis refers to purified 
1914, 19, 129; abst. C. A. 1914, 8, 28r>8; J.' C. S. 1914, 108, ii, 485; Chem. 
Zentr. 1914, 85, 1, 1974; Ztji'ang. Chem. 1914, 27, II, 661. A reply to H. 
PeUet, Ann. Chim. anal. l9u, 16, 294; Chem. Zentr. 1911, 82, II, 1060; 
C. A. 1911, 5,3663. See also E. Beckett, J. S. C. I. 1914, S3, 628. A. Dam- 
bergis, Oesterr. Chem. Ztg. -1898, 1, 385; abst. Chem. Centr. 1898, 69, II, 
1296. 
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guncotton. In the case of unpurified guncotton fonsiderably 
higher results are obtained by Schloesing inethdU. This is due 
to the fact that there are un«tal5le nitrous acid esters j)resent in 
unpi^jfied guncotton. These compounds are dccorapased in the 
cold by concentrated sulfuric acid‘and hence some’nitric oxide is 
lost before the material enters the nitrometer. Unpurified gun¬ 
cotton may also contain ^substances which interfere with the 
reaction of the mercury and present the nitrogen being liberated 
as nitric oxide. This will be, therefore, a second possibly smirce 
of error. * 

Wlien nitroglycerol is present in an explosiVe the above 
method—using tcrric chloride and hydrochloride «cid—is not 
applicable without modification, owing to the •wolatili^ of t|^ nitro¬ 
glycerol. p. Poppenberg and E. Stephan, in determining the 
nitrogen content of gelatinized powders containing nitroglycerol, 
make use of a bomb having gas outlets both at the top and bottom. 
The explo.sive (1 g»am.)*i.s mi.xed w'ith an equal W'eight of copjjcr 
oxide and the mixture placed in a cylindrical iron cup having 
a stout copper wire projecting from the bottom into the Interior. 
The copper wire serves, when the cup is introduced into tMb bomb, 
as the lower terminal for the current, and is connected with the 
upper .insulajed tenninaf by a thintplatinum wire 0.1-0.15 mm. 
diameter. The mixture whijh surrounds this platinum wire is 
burned on the passage of the current. Very jmall density charges 
may be employed (such as 0.0(1) without any appreciable forma¬ 
tion of oxides of nitrogen or ammonia. The firing takes place in 
an atmosphere of, carbon dioxiJe and the'evolwd nitrdgen is 
measured over^otassium h);di^xkle solution. * The nisults agree 
favorabl)»with those obtained with the Lunge iBtrometer method; 
the method of distjllation with sulfuric acid or phosphoric* acid 
and titration of distiflate with standard alkali; the stannous sul¬ 
fate method of A. lA)ngi, and the stannous chloride method of 
Gay-Lussac. • 

The method of Dumas may also be employed for the estima¬ 
tion of nitrogen in guncotton. It is necessary to mix the nitrogen- 
containing substar** with a large amount of inert material. In 
' comparative determinations with the nitrometer, Kjeldahl and 
"nitron" methods, it gives approximately similar results. The 
method, however, for guncotton is praetically obsolete. *When 
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nitrocellulose is^ saponified by boiling with sodium hydrate solu¬ 
tion, there are formed alkali nitrates, alkali nitrites and small 
quantities of ammonia. An oxime-hke ketonic oi^aldehydic com¬ 
pound is also .formed.*, The tendency- of nitric groups to#split 
off from the esters and to become reduced to nitrites and ammonia 
is prevented by the presence of hydrogen peroxide in the reaction 
mixture.* In the presence of the oxii^izing agents the whole of 
the nitrogen is obtained as “j'iitrhte,” on acidifying. The nitrate 
may be "estimated by variou%.methods. An estimation involving 
the use of dipljenylenedianilodihydrotriazole (nitron) is simple to 
carry out and the results agree with the nitrometer figure.*'^ 
The determination may be carried out as follows: In an Erlen- 
meyer fiask (KO cc.)' is placed 0.2 gram of nitrocellulose, 5 cc. of 
sodium hydrate solution (30% cone.) and 10 cc. hydrogen per¬ 
oxide. The mixture is heated on the, water bath until the nitro¬ 
cellulose. is dissolved. 40 cc. of water and a further 10 cc. of 
hydrogen peroxide arc added and 40 cc. of ailute sulfuric acid 
(5% cqneentration) run in by mea’js of a pipette at the bottom 
of the flask. The flask is then heated to 80° and 12 oc. of nitron 
acetate solution added. The flask and contents are then cooled 
and placed in an ice-chest for a few hours. The precipitate is 
filtered off and washed with 10 cc. of ice-’iifater in 3-4 portions, 
and dried to constant weight at llO*’. The determination of the 
nitric “acid and inciaentally of the nitrogen in the original gun¬ 
cotton is easy to carry out. The results of the nitrogen deter¬ 
mination agree closely with the figure given Ijy the nitrometer. 
The use of nitron as a quantitative reagent has been extended to 
the analysisiof trinitrocresol arid its compounds, mixtures of pic¬ 
ric acid and dinitrophenol, mannitol and starch nitrates and also 
to nitroglycerol.* The addition-compound,of uj^dn and picric 

1. M. Busch, Zts. ang. Chera. 1906, 19, 1.329; abst. Jahr. Chem. 1905- 
1908, 11, 975; Wag. Jahr. 1906, ^ I, 498; J. C. S. 1906, 90, ii, 708; Chem. 
Centr. 1906, 77, II, 1020; Meyer Jahr. Chem. 1906, W, 3?5. 

2. M. Busch, Ber. 1906, 39, 1401; abst. Chem. Centr. 1906, 77, I, 
1676; J. C. S. 1906, 90, ji, 708. 

3. M. Busch and S. SchneideV, Zts. Sebiess. Spreng. 1906, t, 232; 
abst. Chem. Centr. 1906, 77, II, 1020; J. S. C. I. 1908, 27, 715. 

4. C. Haeussermann, Ber. 19(B, SO, 8956; abst. Chem. Centr. 1904, 

75, 1.160; Jahr. Chem. 1903„SS, 1017, Wag. Jahr. 1903, 49, 346; Meyer Jahr. .( 
Chem. 1904, 14, 370; J. S. G.^. 1904, 23, 30. 

8. W. Cope and J. Barab, J. A. C. S. 1917, 39, 604; abst. C. A. 1917, 

U, ISOt; J. C. S. 1917, 112, it 268; J. S. C. 1.1917, SO, 473; Boll. Soc. Chim. 
1917, 22, 566; Wag. Jahr. 1917, 03, t, 366. 
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acid and trinitrocresol are the most insoluble ijpnfpounds of the 
trinitrophenols known. 

The volu*ietric determination of the nitric acid in sulfuric 
ac«#>may be cag'ied out by meaps of stannous sulfafe* accordiiiR 
to the equation 

4SnSOi + 4 HsS 04 + 2HNO, = * 

» 4Sn(SO,)2 + .'illsO 4-NjO 

using diphenylamine as indicatof. E.* Bronncrt® h:ts furllicr 
studied this reaction and has extended the niethqd of*A. l.ongi 
so that it may be used for the nitrogen estiniat^m in nitrorcllu 
lose, potaisiui# nitrate and spent nitrating acids. , 

Instead of estimating directly the nitiic acid formed in tlie 
alkali hydrolysis in the presence of hydrogen jj^roxidc, it may 
be reduce*d and the resulting ammonia estimated. The reduction 
is conveniently carried ouf by the aid of Devarda’s alloy. The 
following procedure is suggested by A. Koehler, M. Marqueyrol 
and P. Jovinet.’ It is claimed that the results are concordant 
and accurate, agreeing well'with comparative estimations made 
by the nitrometer and Kjeldahl methods. Nitrocellulose (0.7 
gram) is Srst moistened with a little alcohol in a 1(K) cc. flask. 30 
cc. hydrogen peroxide, 00 cc. water^and .50 ec. potassium hydrox¬ 
ide solution (sp. gr. ^.3) are next added. 3'lie mixture is heated 
on the water bath with frequent shaking until the nitrocellulose 
dissolves. If a yellow color is produced the nitrocellulose has 
been heated too strongly or suddenly. The flask with contents 
is finally heated 4aver a flame until oxygen'ccase| to be evolved, 
when it is allDwed to cool. 5 cc. of alctJhal and 2..5 grams of 
Devard^’s alloy (aluminium 4.5, copper .50, einc? .T) in a finely 


divided state, are then added and connected at once to a \Vagner 
distillation tube dfaiwn to a point which dips into the flask con¬ 
taining 25 cc. of 0.33 N sulfuric acid and 50 cc. of water. After 
about 30 minuses the vigorous evolution of hydrogen slackens 
and the flask is gently warmed to complete reaction. About 
1. A. LoBKi, Zts. anal. Chem. 1886, 24, 2.3; abst. Chain. NewSjlMS, 


SI, 76; J. C. S. im tt, 598, 
; Chem. Tech. R*. 1884 


5; J. S. C. I. 1885, 4, 368; Chem. Ind. 1885, S, 
», n, 182; Jahr. Chem, 18&5, 88, 1910; Wag. 
fahr. 1888, », 264; Pharm. Ztg. ISSSflSe. , „ „ , «• 

2. Bull. Soc. Ind. Mulhouae, 1910, SO, 2o4; abst. J. S. C. I. 1910, 9, 
1411; C. A. 1911, S, 1515; Kunst. 1911,1, 483; J. C S. 19W, lUll^ 

8. Ann. Chim. anal 1913, IS, 45; abst. J. S. C. f 191R C- A. 

1913,7,1609; J. C. & 1913, 104, a, 334; Chem. Zentr. 1913, S4, 1, 1232. 
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half the contents of the flask are then distilled. The condenser is 
kept^ water cooled. A “Ijack” titration with 0.2 N ammonia 
solution usiijg an alcoholic solution of methyl'refl, as indicator 
is carried out. A blank test is also made on the reagents. , 

The Kjeldahl method^ has been employed for'the determina¬ 
tion of mitrogcK in nitro-esplosives by M. Chenel and others.^ 
Substances like collodion and guncotton |re not estimated in prac¬ 
tice by this method, thoijgh it is claimed that if the materials are 
in a veryTmely divided condition the estimation may be success¬ 
fully carried out. By the following modified Kjeldahl method 
the nitrogen in siitro-substituted compounds may be determined 
within 0.2%. ' About 0.5 gram of the nitrosubstitution com¬ 
pound isr^ccurqtely weighed and jilaced in a 500 cc. long-necked 
Kjeldahl flask. 30 cc. of pure sulfuric acid (96%) containing 2 
grams of pure salicylic acid are then ^ added and the nitro-com- 
pound dissolved by rotating the flask, or by heating oiler the 
steam bath if necessary. After cooling, add 2 grams of zinc dust 
in small portions at a time, continuajly rotating the flask to pre¬ 
vent heafing much above room temperature. After^all of the 
zinc is adhed rotate the flask every ten minutes for about one and 
a ha'f hours and then let stand over night at room temperature. 
Heat the flask very gently over a small flame until evolution of 
fumes has ceased (requiring usually 2 -,‘lihours), then bring to boiling 
and coni inue boiling for about 2 hours longer. Now add, after cool¬ 
ing, 7.5 grams powdered pota.ssium sulfate (K 2 SO 4 ) and 10 cc. 
more sulfuric acid, and boil for two hours longer. If the solution 
is clear and pratticalfj colorless the process is,complete; if not, 
add about 1 gfapi m'ore of the poiasr.iqm sulfate and bdfl one-half 
to one hour longer.' Cool the solution in the flask and add 250 
cc. distilled water to dissolve the cake formed; tben add 25 cc. 
potassium sulfide solution ( 8 % strength), 1 'gram of granulated 
zinc and 85 cc. concentrated sodium hydroxide solution, and dis¬ 
til off the ammonia into standard acid solution, completing the 
determinations as usual in all modification of the method. A blank 

1. J. KjelSahl, Zts. anal. Chem. 1883, 22, 366; abst. J. C. S. 188't, 48, 

364; Chem. News, 1883, 48, 101, 118. See ^0 Zts. gas. Brauwesen. 1§86, 
No. 5. ^ 

2. M. Jodlbauer, Chem, Centr. 1886, 57, 433; abst. Chem.'Newr, 1887. 
56, 91; J. C. S. 1886, 50, 834; J. S. C. I. 1886, 5, 510; Chem. Ind..l886. 0. 
263; Chem. Tech. Rej... 1886, 25, II, 336; Jahr. Chem. 1886, 39, 1914. Arms 
and Expl. lS03,1, 87. B. Dyer, J. C. S. 1895, 67, 811. 
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determination should be made using pure cain^ sugar as sample 
instead of the nitro-compoujid,*in ordei'to correct for any nitrogen 
in the reagents. It is also pecessar)- to check the fncthod with 
pu'ft picric acidtor other pure nitro-subsTitution compound.' 

According to P, Nicolardot and Vonloud^* estimjilion of 
nitrogen in celluloid and explosives by the nitrometer usually gives 
too low results. It is foAid thot Vie camphor present reacts with 
the nitrocellulose in presence of siHfuric*acid, and it is advizable, 
therefore, to carry out the cstimatlbn after precipitjiting the nitro¬ 
cellulose from an acetone solution of celluloid by Hieans of Ix-nzene, 
which retains ^he camphor in solution. Iliphenyyiminc, present 
as a stabilizer, also causes erroneous results, the nitroepn figure 
being 0.7^i too low. * 

In a recent comprehensive investigation,’ E. Beckett has in¬ 
vestigated the factors which cause small variations in volume of 
nitric oxide gas when'determining nitrogen in nitrocellulose by 
means of the nitrometer, and has endeavored to show how more 
trustwortlij' results may be obtained by a compensation'of errors, 
due to the fact that several factors are known which* influence 
considerably the course of the reaction. , 

M. Miirqueyrol ^nd D. l'‘lorent(n' had previously pointed out 
that prolonged shaking of the nitrometer contents caused a diminu¬ 
tion of volume by reduction of the nitric »xidc gas, and plso re¬ 
absorption of some of the nitrogen diy the sulfuric acid. The 
cause of the error, however, becomes practically negligible, where 
the shaking is not unduly prolonged, and tjie contentratiin of the 
sulfunc aiSd ^ot too high. , ♦ • , , 

Bedkett records an experience with guncotton and 96.8% 
.ulfiiric acid, wheje the original volume of gas in the nitAmeter 
vas reduced from ll)9.95 cc. to 109.8 cc. after standing for 26'/j 


1. G. Alberts, Dingl. Poly. 18»1, 262, 227; abst. Wag. J^r. U, 322. 
Bauctier, Ann.*chiin. anal. S, 373; alist. Chem. Centr. 1900, 71, 11, 1181. 
1 . V. Keusder, Zts. anal. Chem. 1893, 32, 51; Chem. Ztg. Rep. 1893, 17, 6; 
f. C. S. 1893, 84, ii, 184. H. Pellet, Ann. chim. anal. 1911, 16, 294; abst. 
f. C. S. 1911:106, ii, 930. G. bungc, Zts. ang. Chem. 189? 5, 261. Chenh 
lews, 1872, 2S, 200, . „ 

' 2. Chim. et Ind. 1919, 1 1317i,*bst. J. S. C. I. 1920, 39, 174-A. 

' 3, J, C. S. 1920. 117, 220; abaTj. S. Ctl. 1920. 39. 386 A. 

. 4. .Bull. Soc. Chim. 1911. (4), 9, 234; aflst. J. S. C. I. 1911, 30, 509; 

:. A. 1911, S, 2050; Wag. Jahr. 1911, 57, 1, 470; J. C,S. 1011, UO, it, «7; 
Chem. Zentr. 19U, 92, 1, 1442; Zts. ang. Chom. 1911. 26, 1380; Chem. Ztg. 
Rep. 1911, 35, 301. . 
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hours. The tfene factor and the concentration of the acid is shown 

0 

in the following table; < ^ 

( 

Determinati6n of Nitrogen in Guncotton with Various Strengths 
OF SulfiAcic ^cid and yHE Effect of Au,owing the Mixtorei 
TO Stand Before Being Shaken. '* 

•Sulfuric 

.'ftid Interval Betwecfi Introducing the Guncotton and Add into 


Per cent. the Nitrometer and Shaken Being: 

No Time ‘/i Hour ■/» Hout 1 Hour 17-20 Hours 

99 87 12.63 ., '. 11.76 . 

r 12.50 . 11.82 . 

96.80 " 12.94 . 12 74 .10.14 

lil 945 . 12.68 10.28 

,.12.93 .• 10.71 

12.96 . 

It- •' 

94.0 '12.975 13.065 13.04 1T90 

92.5 12 73 13.04 13 035 13.015 12.69 

12.57 .. 


In a prior communication,* the author attacked the problem 
in a different manner, and found that with guncotton and 96% 
sulfuric acid, the various errors balance one another, and that the 
results obtained, therefore, are substantially correct. His method 
of procedure is as follows: ’ 

Dried and sieved nitrocellulose (0.5-0.55 gm.) was placed in 
a weighing bottle and heated to 96® ip a steam bath for one hour. 
The weighing bottle was then accurately weighed, the nitrocellu¬ 
lose dropped into the cup of the nitrometer, and the empty weigh¬ 
ing bottle re-weighed. Fiv^ cc. of the sulfuric acid of the speci¬ 
fied strength wele add'^d to the nitrometer cup,-the nitrocellulose 
stirred in th^ ^cid with a glass rod, and admitted to the nitrom¬ 
eter tube. The cup' was then washed with successive quantities 
of 2.5'fcc., 2.5 cc. and 5 cc. of the same acid, an^ these run into 
the nitrometer. Thfi' entire operation of washing the nitrocel¬ 
lulose into the nitrometer with the 15 cc. acid occupied 5 minutes. 
After the introduction of acid and nitrocellulose,* the nitrometer 
was allowed to stand for a specified time, and then vigcaously 
shaken for l*/j minutes. It was allowed to stand for 10 minutes, 

1. J. S. C. 1. 1914, 31, 628; abst. C. A. 1914, 3, 3120; Chem. Zentr. 
1914, 15, 803; 1915, 56, I, 9% Zts. Siliiiess. Spreng. 1914, 9, 394; J. C. S. 
1914, U6, ii, 673; Zts. ang. Ohem. 1914, 37, 11, 654. For the Soc. anon des 
Celluloses Planchon ^thod and apparatus for the estimation of nitn^^en in 
nitrocelltSose gaSometgically, see F. P. 490948, 1919; abst. Chem. Ind. 1920, 
3 , 221 . • , 
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again vigorously shaken for one minute, and’thc gas Jlransferred 
to the measuring vessel. The results obt^-iincd are* shown in the 
following table. • • ^ 

TJe conclusions reached by the investigator arc e# follows; 

1. The generaf results indicated that the nitroinctric estima¬ 
tion of nitrogen in nitrocellulose invarialjly gives too. low reuults. 

2. It was found that tjjc interval of time which is allowed 
to elapse between the introductkii af thc^cellulose nitrate and 
sulfuric acid into the nitrometer, an3 the shaking, has great 
influence on the results, less so in the cas'e of iiiorgaitie nitrates. 

3. The most accurate results arc obtained by •using I.") cc. 
of 92.5%-94.()% sulfuric acid, and by allowing 1.') 3()»inimitcs to 
elapse between the introduction of the nitroccllukjjie at^ acid 
into the nitsometer and the shaking. In this case, the error is 
about 0.7%, taking the total i^itrogen as 11)0. 

Stability Tests, sometimes also called “heat” and “fume” 
tests, are applied to explosives to detcmiine their keeping qual¬ 
ities, which is their stability, /^plied to the product in the course 
of manufactuse, the^ are of value as indicating the extent to 
which purification has been carried, i. c., eoinplcteness with*which 
those products liave been eliminated which might induce decom¬ 
position. or (jiusc spontaneous comliustion. As cellulose and 
glycerol nitrates decompose bubslowly at the ordinary temperature 
when properly prepared and purified, and saitijilcs of guncqlton 
have been stored for years without serious deterioration, yet the 
sulfuric esters and other indefinitely characterized bodies formed 
in manufacture and’.which are extremely difiic^dt to remove *from 
the nitrocellulosf, render accurate, control of Stabijit^' to be a 
necessary Eequisite for safe production, ^lefori? the value and 
accuracy of stability, tests were establisheil, the scries of f&tal 
explosions which resulted in attempts to produce guncotton in 
large amounts commercially, temporarily put a stop to its manu¬ 
facture in various countries. It was not until F. Abel had 
proven the value of his “heat test,” that it became possible to 
prepare nitrocellulose-containing explosives in large* quantities 
with a reasonable aftnount of safety and uniformity. Although 
♦this test has many imperfections,*it is parhaps to-day the most 
widdy used single nitrocellulose stability test. ^Nearly all the 
stability tests evolved depend either upon the meaMireineftt of 
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( < ' 

I * , ■' 

the volumf of nitric oxide disengaged from a known volume of- 

the sample ill a deterijiined period, and which are the so-called 
“trace-tqsts” in which the time taken to color a very sensitive 
reagent paper is noted, or the temperature is raised to tl^f point 
where incipient or complete edmbustion ensues, as can be detected 
either by less sensitive [reagents as litmus paper, or observable 
as fumes. A third subdivision may perhaps be made into the 
“quantitative tests,”^ in wbieV the products of combustion are 
analysed, and the amount' given oft in a known period of time 
calculated.' In the first class may be included the Abel, Guttmann, 
Hoitsema and Ordnance Department 11.5° tests; in the second 
class the Vicille, German Test at 135°, and in the third class the 
methods of Will, Bergraann and Junk, Obcrmuller, Thomas and 
Hess, all described herewith.'''' ®'^ 

Heat Tests (Including Other Trace Tests). Tlie heat test 
is the simplest and most generally applied of all the stability tests. 
Although it is but a mea.sure of the initial decomposition of the 
nitro-explosive and not always a true indication of stability, yet 
in most countries it has been adopted as a standard test which 
must 'oe passed by nitro-explosives prior to acceptance. The 
potassium iodide-starch test, or as it is sometimes called, the 
“Abel heat test,” or simply the “heat test,” depends upon the 
fact that when a nitro-explosive iif heated, oxides of nitrogen are 
evolved. These g,ases coming in contact with moist potassium 
iodide liberate iodine, and this in presence of starch gives a blue 
color reaction. The Abel test, however, is not a true test for 

1. • For "“ivlethoc’s of Testing Stability of Explosives in Various Coun¬ 

tries,” see R. Escall's, Z. ges, Schyss, Spreng. 1910, S,'21, 72; abst. C. A. 
1910, 4, 1161,' 137C. Exhaustive series of reports by a special commission 
appointed by 0th Int. Corg. Applied Chem. to investigate the subject. See 
A. beroux. Bull. Soc. Chim. Belg. 1905, 19, 243; M. Jacqu^, Z. Schiess. 
Spreng. 1906,1, 395., ' “ 

2. W. Cullen, J. S. C. I. 1901, 20, 8. 

3. Rcgtilatious for army Ordnance Service Ft. II, 1916. F. Abel, 2nd 
Memoir PhU. Trans. 1867,157, 181; J, C. S. 1867, 20, 505; PhU. Mag. 1867, 
S3, 545; Proc. Roy. vSoc. 1867, 13, 417; J. U. S. Service Inst. 1867, U, 417; 
Chem. News, 1867, 15, 203; Poly. Centr. 1867, 33, 283, lT86, 1414; Wag. 
Jahr. 1867,13, 329; Dingl. Poly. 1867,185, 148, 154; Chem. News, 1867,14, 
250; Jahr. Chem. 1867, 20, 912; Amcr. J.Sci. 1867, (2), 44, 288; Bull. Soc. 
1867, (2), 7, 527; Deut. Ind. Ztg. 1867, 261; J. prak.. Chem. 1867, IM, 488; 
Les Mondes, 1867, U, 224; 15, 089i.Chem. Tech. Rep. 1867,0, II, 122; 1867,, 
0, I, 120; Pharm. J. Trap4. 1868, 9, 386; Compt. rend. 1869, 00, 106; Ann. 
Chim. Phys. 1870, 21, 97. For discussion of above by A. Chariere, sec'Les. 

■. Mondes, 1862,101143. 

4. J. U. S. ArtiUery, 'Sept.-Ogt. 1903. A. Sy, J. A. C. S. 1903,549. 
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• nitrous add,* for the iodine is liberated by a process <)f oxidation 
in accordance with the equation: , ' * 

JKI + O + tliO = 2KOH + Is 
This ftiline liberation, however, ij complicated by a further re¬ 
action:*'* 

2KOH + Ij = KI -b KOI -h HjO. * 

This second reaction being fevetsibli^ 

• The test, in brief, consists in observBig the time taken for 
the color to develop to a certain in^nsi^ when tbe.expfosive is 
heated under‘standard conditions. The test supers, however, 
from being Too *nsitive and too easily interfered wjth by slight 
alterations in procedure. A quantity of 135 X tnvm. of 
nitrogen peroxide is sufficient to produce the stafldard^int in 
the heat test paper.* Unless the test is carried out under strictly 
defined conditions, results iflay be obtained which may lead to 
erroneous conclusions, as traces of substances in the explosive 
may be expelled in the heat test and thus affect the heat test 
paper. In consequence, a lofr result does not necessarily indi¬ 
cate deficienc>* in stability of an explosive. If a small figure is 
obtained in. this low temperature test quantitative confirmatory 
tests—such as the Will or Bergmany and Junk tests for nitro¬ 
cellulose—should be esftried out* preliminary to arriving at a con¬ 
clusion. Undoubtedly, by th? application of the heat test, much 
experimental data can be produced to^show the uncertainly of 
the test, and difficulty will be experienced in reconciling much 
apparently conflictoig data. It must, howe .’cr, be remembered 

1. B. Smart,*J. S. C. I. 1913, 32 , M7; abst. C. A.*I9H, 8,422: J. C, S. 
1913, m, ii 1080; Chem. Zentr. f9f4, fe, I, 501; Zts. «ng. Clftm. 1914, 27 , 
II, 211; Zts. Schiess. Spreng. 1914, 9, 12. See also A. Egerton, J. S. C. I. 
1913,32,331. F. I,enze and B. Pleus, Zts. Schiess. Spreng, 1919, 14f297, 
315; abst. Chem. Zentr.*l»20, 91 11, 107; J. S. C. I. 1920, 39 , 281-A, 4fl8-A; 
C. A. 1920,14,2418. 

2 . P. Foerster and K. Gyr, Zts. Elektrochem. 1903, 9 , 1; abst. J. C. S. 
1903,84, ii, 209, 352: J. S. C. 1.1903, 22 , 144; Chem, Centr. 1903, 74 , 1,311, 
882; Jahr. Chem. 1903,58, 509. 

3. R. Taylor, J. C, S. 1900, 77, 725; abst. J. S. C. I. 1900, 19, .385; 

Chem. Centr. 1900, 71,1, 844; II,-86. , 

4. R. Robertson and B. Smart, J. S. C. I. 1910, 29 , l30; abst. C. A. 
1810, 4; 1807; BuB. Sot. Chim. 1810, 8, 684; Chem. Zentr. 1910, 81,1, 1650; 

, II, 420; Jahr. Chem. 1910, 83 , if 146; Wag. Jahr, 1910, 56,1, 496; Zts. ang. 
Chem. 1910, 23 , 1963; Zts. Schiess, Spreng. 1910fJ5,185, 208. 

6. In the case of guncotton with a high CaCO, content it is usual 
to remore the CaCOi by dilute acid and then thoroughly woeh‘before heat a 
ten. . • • ' 
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as pointed opt by B. Smart' that (1) in applying the Abel test to • 
explosives the 'physical conditions must never be lost sight of, 

(2) with guncotton we have a s61id»fibrous substahce containing 
water of c(jnstitution; (3) with nitroglycerol we ^e dealing^with 
a liquid which does not readily permit the dissolved gas produced 
by tho decomposition to Ije evolved; and (4) with gelatinized ex¬ 
plosives we have solid products with only a limited surface con¬ 
taining substances which react, with oxides of nitrogen, which 
may easily contain the accuinulation of past decomposition and 
which may decompose 6r pakially volatilize during preparation 
for the test. When these points are remembered the irrfgularities 
and discrepaxcies of the Abel test may be better Understood. 

Apmecial roomp or preferably a small building, should be 
exclusively reserved for work in connection with this test and 
volatile solvents, acids, etc., should be rigidly excluded from the 
building. ’■ 

According to the U. S. Ordnance inethod of testing gun¬ 
cotton, the heat test is carried out as follows: The sample should 
be pressed in a clean cloth or wrung in a wringer if it contains a 
large exfcess of water.* The cake shall be rubbed up in the cloth 
until fine, taking care that-it does not come in contact with the 
hands, spread out on clean paper trays, and dried in an ap bath 
at 35°-43°, just a sufficient length of time to reduce the 
moistpre to that arrvount which will give a minimum heat test, 
this amount being from 1J)%~2%. If, as sometimes happens in 
dry weather, the moisture has been reduced to less than 1.5%, 
the sample shall be pkced‘in a 'moist atmospliere for a time not 
exceeding two hofirs, until the required raoistme is obtained. 
The whole time of drying and making the test shall not exceed 
eightdiours. 

The dried sample for the heat test shhll be weighed out in 
5 test tubes, 1.3 gm. (20 grains) to each tube, so that a series is 
obtained covering the widest variation allowed for moisture. 
These tubes are standard, 5.5 in. long, '/a in. interhal diameter, 
and Vb in. exiemal diameter, closed by a clean cork stopper, fitting 
tightly, through which passes a tight glass cod with platinum 
holder for the paper. Qorks affe discarded after one test. The 

1. J. S. C. I. 1913, 32, 967; abst. C. A. 1914, 8, 422; J. C. S. 1913. 
tl04, ii, 4080; Chema-Zcntr. 1914, 85, I, 501; Zts. ang. Chem. 1914, 27, 11, 
211; Zts. ^hiess. Spftng. 1914, 9,12., 
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nitrocellulose is pressed or shaken down in the tub(^ until it ocai- 
pies a space^in the tube of IVs in. Tjie test pSper, alxnit 1 in. 
in length and^3 in. wide, hung on the platinum Jioldcr, and 
moistened on its upper half with a 50%^solution,of pure glycerol 
and water. The heating bath, carefully regulated at 05.,')° ± i° 
is placed so that a bright reflected light is obtained and the tulic 
placed in the bath. Tin^f is jnarked when the tulic enters bath. 
As test continues, a slight film .,f ihoistme condenses on inside of 
tubes, and the line of demarcation l^twecn wet and dry test paper 
is kept abreast the lower edge of the'moisture film. The first 
appearance of discoloration of the damp portion df the test paper 
marks the end of the test for each separate tube, the* minimum test 
of any one of the five tulies being the heat test of tljp nitj^cllulosc. 
This discoloration is to be greater than that iibtained at the same 
time by a blank test. Thj standard water bath holds ten tubes 
and is 'iiiade long and narrow, to reduce to a minimum the heating 
of the upper porrtons of the tube. These tubes are immersed in 
the bath to a standard dept^ of 2.5 in.' 

The Btijish piethod® of carrying out the heat test^differs in 
some essential particulars from the above. The test requires a 
spherieal copper water,bath of about 8 in. diameter with an 
aperture of •about 5 jn., fitted with*a loose copjier lid about G in. 
in diameter, this resting or» a tripod 11 in. high. The whole is 

1. The weak points in this test as snmmaiScd Ijy A. Sy (J.'A. C. S. 
1903, 25, 550) are as follows: In cascf of the decomposition of tlic sample 
during the test, it shows only the beginning and not the continuation of the 
decomiiosition, it baing more importajt to know hi»w decompo,sition proceeds 
than when it begins. Traces of unstable nitro compoSnds would show a 
nitrocellulose orTmwder in which Jhey are found by*this test to be bad; yet 
such traces might not cause a d?composition of the emilosBuf if stored under 
ordinary conditions. Traces of solvent left la the jiowder affect the test. 
The test may be masked by certain substances as mercury salts, as tife chlor¬ 
ide, carbonates, aikdiit, amine, ethyl acetate, acetone, oils, vaseline and 
aniline, which may be added to the explosive for that purpose. Explosives 
containing masking substances are not accepted by the Ordnance Depart¬ 
ment. The test is affected by the cendition of the larnplc, size of grains, 
whether recently Prepared for testing or exposed to air, moisture in the air 
and slight difterences in test papers. 

2. The originally described prtKess provides for an elaborate wooden 

cupboard to hold the apparatus, so that in event of an explosion the effects 
might be confined. • Complete directions for performing this test may be 
found in "Regulations for Army Ordnance Service,” Wyman & Sons, Pub-, 
lishers, 1908, II, 162-167. • 

For illustrations of apparatus used in thii test, see Appendix VI, Regu¬ 
lations for English Ordnance Service, part 2, reprodaced gn’Allep Commk 
Organic Analysis, 1910,3,596. ‘ * * 
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surrounded a thin sheet-copper screen, being heated from 
underneath by means of ^ Argand gas burner or Berzelius spirit 
lamp with copper chimney. Thfc water-bath lid is pierced with 
7 holes, on? to receive a thermometef and the remaining 6 holes 
for test tubes containing the material to be tested. A potassium 
iodidetstarch paper and a standard tint paper are also specified. 
The applications of this test are as follows: 

Guncotton, Tonite, Schulirc Powder, E. C. Powder, etc. The 
sample ip prepared by remoVlng from the center of the block or 
cartridge, by*gentle scraping or gasping, and if necessary, further 
reducing to pov/der by rubbing through the fingers or a sieve with 
a clean, stiff*, bristle brush. The fine powder thus obtained is 
spread t^ut in a thin, layer upon a paper tray 6 x 4.5 in., which 
is placed upon a wire gauze in the water oven, the temperature of 
which is kept as uniformly near to 49° as possible. The sample 
is allowed to remain at rest in the oven for fifteen minutes, the 
door of which is meanwhile left open. After the lapse of fifteen 
minutes the tray is removed, exposed to the air for two hours, the 
sample being at some point within that time rubbed upon the 
tray with a brush or the hand in order to reduce it to a fine and 
uniform state of subdivision. In applying the test 'the water 
bath is first filled to within 9.25 in. of the top, the thermometer 
inserted through a hole on one side,, of the water-bath cover, to 
a depth of 2.5 in., measured from the lid, the water being main¬ 
tained at a temperature of-76.7° during the progress of the tests. 
When the correct temperature has been obtained, 1.3 gm. of the 
sample'is weighed oul, placed intone of the test tubes, and gently 
pressed down until'll occupies not more than 1.3 fti. in the tube. 
A test paper is fastened Jo the hook of the glass tube, moistened 
by totoching the upper edge with a drop of a mnctme of equal 
amoimts of distilled’water and glycerol, the quantity of liquid 
used being only sufficient to moisten the upper half of the paper. 
The cork to which the rod and paper is attachedus then inserted 
into the tube, and the latter placed into the bath to a depth of 
2.5 in., measiSred from the cover. The test paper is first placed 
near the top of the tube, but not touching thSi cork, until after 
the tube has been immersed fiVe minutes. A ring of moisture 
will by this time have deposited upon the sides of the test tube, 
llightly abov4‘ the, cover.of the bath. When this appears, the 
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glass rod is then lowered until the lower margin of ijie moistened 
portion of the paper is on a level with (Jie ring of moisture in the 
tube. The paper is closely observed, and when a brown |jne appears 
at ||j| line of demarcation between the moist and (Iry, portions of 
the paper, which*is equal in interfsity to the line on the standard 
tint-paper, the time is observed and tlig test is complete. * 

(A standard tint is n}ade,as follows: 0.48 gm. of the finest 
yellow ochre, 0.2 gm. raw umbtr Ind 5,gm. of fine, white gum 
arabic are all separately ground tj^an impalpable condition and 
then thorougjily shaken with 100 cc. cofd water. ^ After standing 
for 1 hour,a-stjlographic pen is filled from the cefiter of the sus¬ 
pension and with it lines not less than 0.5 mm. oi* more than 1 
mm. wide are ruled across filter paper.)’ ‘In cajryinj^liut the 
heat test thq procedure of the British Home Office differs in many 
details from those of the British War Office. Moreover, there is 
a tendency for private explosive laboratories to evolve slightly 
altered methods fdr then individual use. In conseciuence a joint 
committee of the Home Ofive, Admiralty, War Office and Ex¬ 
plosives fin»% has, been set up to consider the question of the 
heat test generally, and in their first report (1914) have recom¬ 
mended that the test shqjild be carried out under strictly unifsmi 
conditions'.' dt is recommended thsft the test tubes should con¬ 
form to the following specificntion: Weight 10-11.5 gm. capacity 
20-22 cc., length 5.5 inches. 'When the tukes are subjec*ed for 
three hours to a steam pres.sure o{ 50‘lbs. per sq. inch and then 
air-dried, they shpuld show practically no gloudiness (c. f. with 
a standard tube).. The test tul?e has 3 mirks Ached on it, 3, 
3V4 and 5 inclies from the hottom. The lowest »i»rk indicates 
the deptfi the tube is to be inserted in the bath, the middle one 
indicates the level ef,the lower moistured part of the test paper, 
and the top line the level of the lower side ot the rubber stopper 
which is used for the tube. It is also recommended that the test 
paper at thj cofhmencement of the test should be placed in its 

I, The standard tint paper is prepared by diluting caramel with mter 
to such an extent that when further diluted 100 times the tint pr^uced 
matdics that from Ifeslcr’s rmgent in 100 cc. water contaming O.OOOMB 
gtn. ammonium chloride. Withlhis caiamel solution lin«a are drawn on stnps , 
of weB-washed filter-paper with a quill pen, the paper bemg rat mto sWm 

size as the test paper desetibea in the pievious note after dp^ing. Owy 
those strips are used in which the brown line has a breadth^0.5-1.0* 
Sisft. This paper should be protected the 9ame«as the iodide papA. 

• 
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permanent position as indicated by the etcftiing on the tube. 
Moreover, as Ifght influences the development of the tint on the 
heat test paper, it is suggesteti th&t the heat test tube should 
be covered with a black cap during the test, and this cap ^ould 
only be removed shortly before'the end of the test. 

Bor nitrecellulose pvlp the following procedure is recom¬ 
mended: The pulp is pressed bftwepn six thicknesses of filter 
paper and 5 gm. (approximately) of fhe pulp, dried at 50° on an 
aluininittm tray for 15 minutes. The dried material is sieved 
under specified conditions and exposed to the atmosphere for 4 
hours and.l.3"gm. weighed out. This sample is pressed down 
gently in the heat test tube to a height of 3 cm. and then sub¬ 
jected thcjtest in the usual way. The exposure for 4 hours 
gives a nitrocotton with a moisture content of aboeit 1.5 (see 
hygroscopic moisture). In a very drjf material a high heat usually 
results owing to the drying of the test paper. As matdrial with 
much higher moisture content than above aRo tends to give a 
high heat test owing to the water,condensing on the upper por¬ 
tion of the tube during the test and thus absorbing oxides of 
nitrogen. 

f Compressed guncotton is first broken up and pieces scraped 
with a horn spatulum from- the center of the slab- -These par¬ 
ticles are stirred for 15 minutes wi*h cold distilled water, which 
is then decanted and the material treated as jn the case of pulp. 

Cordite, Ballistiie, and similar partially or wholly gelatinized 
preparations, are tested as follows: If the sample is in the form 
of small flakeS' or grains, as in'"the U. S. O-iO-caliber, and other 
shoulder-arpi,powders, 1.0 gm/-ai >2 weighed out into a test tube, 
but if, as in the case of cordite and larger caliber poWders, the 
grains are larger, they must first be broket^ up and ground. 
From each of the pieces selected for the test, pieces 0.5 in. long 
are cut, and in the larger sizes the pieces further subdivided. 
The cut pieces are then passed through the mill; the first portion 
rejected on account of possible presence of iron or other extraneous 
matter. THfe ground portion is then placed on the top sieve of 
the nest and sifted, the portion which pasAs through the top 
sieve, but is intercepted by tlie second, is taken for the test.* 

1, If the nitrocellulose is too hard for the mill, it may be softened by 
« exposure tp aeetoni vapor, or reduced to the required fineness by means of 
a coarse rasp. If the acetone vapot renders the sample too soft, it may be 
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The English Home‘Office Instructions for applying the test are 

as follows! The thermometer is so adjusted in the water bath as 
to be inserted into the watsr ?.75 in. below the water bath lid, 
thej^ter bein^ maintained at the uniform temperati^re of 82,2°. 
An iodide paper Is attached to tlte hook bn the glass rod, so that 
when inserted in the tube it will be iij a vertical position, being 
moistened with 50% glycerol as previously described. The cork, 
with the rod and test pa^er attacjied, is inserted into the tube 
and the position of the paper so ^justed that its lowe/ edge is 
about half way down the tube, fne Utter being then inserted 
through one *of the holes in the cover of the wafer bath to such 
a depth th*at tfle lowest portion of the moistened paper is about 
0.0 in. above the surface of the coter. Wli«n a faint brown tint, 
equal in intensity to the brown line dr^wn on the slandSrd paper, 
makes its appearance at the line between the wet and dry por¬ 
tions of*the test paper, the test is complete. With cordite, the 
English Home Ragulatlons specify that the time between the 
insertion of the test tube into the bath at 82.2° and the com¬ 
pletion of tt)e test must not lie less than fifteen minutes,' and no 
new cordite i^ accepted by the War Department from edhtractors 


unless it meets these requirements.' , 

Sjmp.le^ of smokelels powder sjiould be cut into slices 0.02 
inch thick and 1.3 gbi. of ^ sample which has been exposed to • 
the air for 12 hours used for the test. , 

Gelatinized explosives, according,to the 1914 Departmental 
report, should be tested as follows; A sample weighing 3.2 gm. 
is weighed out aifd ground up with 6.5 gm.*of Fi#:nch chalk in a 
Wedgwood mc^ar, the grinding Jieing carried out at first with a 
squeezing and then with a circular movement df the pestle. With 


restored to the desired degree of hardness by simple elimination of solvent 
by exposure to the air. * The sifted material shouId*always lie dried at not 
to exceed 61 where the volatile matter in the sample exceeds 0.6%. Ex¬ 
plosives consisting of both gelatinized and ungelatinized nitrocellulose tn&y 
be reduced to posgder by first softening with ether-alcohol vapor at atout 
35°, or usually more easily by the use of a coarse rasp. See W. Cullen, 
J. S. C. I. 1901,2#, 8. ^ 

1. No new cordite is accepted by the War Department from con¬ 
tractors which does not satisfactorily stand a heat test of thirty minutes, 
at 82.2°, although thf test is carried out with less sensitive papers than tho« 
prescribed by the Home Office. Cofdite already issued to the service is i 
tested at 71.1®, it being considered 8erviceable;f it stands the test for 
or more minutes, and unserviceable if below eight mmutes,^atid more than^ 
four minutes. *“ * 
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blasting gelatiin tl^e squeezing movement is tarried on for I'/s 
mmutes, with gelatin dynamite for 1 minute, and with gelignite 
for Vs mimite, the circular movemtSit being in all cases main¬ 
tained for 'Vs minute, after which thq mass should be hmo- 
geneous in appearance. The mixttire is gently pressed down in 
the test tube to a height o65 cm. 

The committee found that diffprent qualities of French chalk 
give different results when used for heat test purposes, but they 
were* unable either to find a.si(bstitute or propose a definite speci¬ 
fication. As a tentative measure they suggest the following: 

(1) It muse not contain more than 5% of moisture. 

(2) Its bulk must be such that 50 cc., without ramming or 

tapping,'^vcigh-23.5 gm. 

(3) It must pass a sieve composed of wire 0.075 mm. in 

diameter and having 64(X) meshes to the square centimeter, no 
rubbing being used. *• 

(4) It must contain less than 0.1% of soluble alkali calculated 
as CaCOj. 

(5) When warmed with hydrochloric acid it must give off 
at least 0.25% of carbon dioxide, but not more than 1%. 

(6) It must not absorb more than 0.5% of moisture when 

exposed for 24 hours to a saturated atmosphere at 15®*-20?' after 
being dried at 100°. a 

With nitroglycelol approximately 2 cc. of the explosive are 
placed in heat test tubes. It is filtered through^ 3 filter papers 
to remove moisture and the quantity approximately judged by 
an etched mark on tfie test tube, the test bemg carried out at 
71.1° in duplicate. i , 

If nitroglycerol is mixed with a relatively large amount of 
silica wool, a considerably lower heat test is (A^ifled than if the 
above procedure is’ adopted. This second method exposes a 
large surface of the nitroglycerol and the result obtained is probably 
nearer to the true heat test. Unless a large suiface of liquid is 
exposed, the nitroglycerol dissolves much of the nitro^ peroxide 
as formed. The heat test result thus appears high. That nitro¬ 
glycerol even when pure should give a cctinparati<?ely low heat test is 
in conformity with the fact that its rate of decomposition, as meas- 
^ured by mcre^exagt methods, is nine times as fast as that of nitro¬ 
cellulose. ‘"Dynamite and other,nitroglycerols in which the latter 
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is readily remold by water are treated* as follojf's: 13' gm. of 
the material are evenly pressed down,with a’glass rod on a filter 
paper supjibrted by a 5V2*cnf. glass funnel. The funnel is then 
p||[|ped in a h^at test tube and filled with water. 2^cc. of the dis¬ 
placed nitrogl^cerol are colleded (free from water) and then 
heat tested in the usual way. Cybonite and similar friable 
preparations from which the nitroglycerol cannot be readily ex¬ 
tracted with water are direcfljwhei^t tested without previous treat¬ 
ment. • , . 

As the test is extremely se*nsiti\fe and much influenced by 
the method of preparation of the heat test pa^rs, it is usual to 
have the lattlr made under official supervision.' .The potassium 
iodide should before use be recfystallized. three times >om 9 5% 
ethyl algohol and all precautions slipuld be taken obtain the 
pure crystals. Maize starch in the form of corn-flour is to be 
employed and it is to be thoroughly washed with distilled water 
before use. 3 gm’. of The starch are suspended in 30 cc. distilled 
water and then poured into 220 cc. of freshly distilled water in a 
Jena glas%flask. The whofe is boiled for 5 minutes. 'Wie result¬ 
ing mixture'is pdured into a solution of 1 gm. of potassium iodide 
in 250 cC. of distilled water, w'ell mixed and the whole allowjcd to 
stand ovejnight in a’dark roonk The clear solution is then 
siphoned off and imJnediatjly used for dipping. Sheets of special* 
filter paper (see below) are passed singl;^ tlirough this solution. 
The paper is then hung up to dry »nd a clean glass rod passed 
down each siJle to remove the excess of solution, after which the 
drying is completed in a warm*room. W^ficn dsy the ends of the 
paper which %re undipped, a|e 9 it off and rejfected. In addition a 
small atrip round the edges is also removed. ’The remainder is cut 
into small strips 2,cm. long and 1 cm. wide and preserved fcA use in 
brown glass bottl& in the dark. The cutting up is done in a 
special room (partly darkened and used only for this operatiwi) 
and the operi^r wears dean cotton gloves. The spedal paper 
used should as nearly as possible comply with these specifications; 

1. The standard test paper is prone to deterioratiorif and its condition 
should be frequent^ ascertained by the fotlowii^ test: Place a drop at dil¬ 
ute acetic acid Ipr means of i ijass rod on a strip of the paper bdng tttted. 
If the paper is in good condition no discoliiration takes place. If the aciCI 
produces a brown or bluish coloration the paper is to be rejected. If the 
paper is unserviceable the discoknation appears B^ace,>iyi;y discdoratign 
appearing some time afterwards being disregarded. * 
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(l) To consist of jfare normal coAon cellnlfse of strong re¬ 
sistant quality and ffee from every loading or sizing. 

• (2) To have a smooth white smfacp both sides being as nearly 
.'dike as possible. * ^ 

(3) The average length of the fibers to be 2 * 0.5 mm.. 

f4) JThe thi(^nessto be 1.8 =*= 0.2 mm. (Cf. Smith’s patent 
fixed pressure micrometer). 

(5) The last treatment in j};s orepalation to be a thorough 

washing with distilled wafer, and subsequent air drying in a pure 
atmosphere. , ' 

(6) To be frt^e from all impurity, particularly acids, chlorine 
and peroxides. „ 

(7) d'he loss of weight when boiled for 1 hour with 3% 
caustic sodilT.solution not to exceed 7.5%. 

(8) It is not to produce more than 1.25% of its weight of ■ 
cuprous oxide when heated to 100° C. lor 15 minutes with Ffthl- 
ing’s solution diluted with its own volume of boiling water. 

(9) The sheets are to measure 50 cm. .and are to be packed 
in hermetically sealed tin cases holding 100 sheets each. 

According to C. Storm,* exposure to light does not appear 
to affect the papers if moisture and deleterious fumes are excluded, 
although it is probable that freshly made papers are ippre sen¬ 
sitive to the action of light than old papers. ' 

The test is masked by traces of mercuric chloride (see topic 
Mercuric Chloride in Guncotton), also by the presence of variofis 
solvents such as ethyl alcohol dnd ethyl acetate.* Other com¬ 
pounds, such as peroxides, reduce >the time of the' test, while ace¬ 
tone has little effect, u^y increasing it slightly. *Tl !2 presence of 
various stabiliSebs, such as diphenylaniine, various amines and 
mineral' jelly, also generally increase the time of the test. 

The Abel heat test is really a test for detecting the presence 
of small quantities of nitrogen oxides by the aid of potassium 
iodide starch paper. Other trace tests have been devized in which 
the potas,sium iodide is replaced by other substances.'- In Ger¬ 
many zinc iodide replaces the potassium iodide and gives a. still 
more sensitive test. In Spain the dipping solutym for the paper 
consists of water (100 cc.), starch (5 gm.), zinc iodide (2 gm.) and 

1. C. Storm, J. Ind. Enx:.*Chem. 1909,1, 802; Boll. ehim. farm. 1914, 
736; abst. e..A. 1^0, 4, 614; 1916, 10, 1970; J. S. C. I. 1910, 29, 117; 
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zinc chloride (Z9 gm.), and this replaces the poyissium iodide. 
Thus, inTjUttman’s test it is replaced liy diphenyiamine and dilute 
sulfuric aci3; in J. Moir’s tes^ it is replaced naphthylamine, 
suJIanilic acid and acetic acid (Ilosvay’s reagent^; and in G. 
Spica’s test* by the very sensitive m-phenylene diamine and cane 
sugar. , • • 

A. Egerton’ uses a ginuj^r reagent to Moir, but replaces the 
paper by a glass receptacle foi» tie rea^nt. vSome of these tests 
will be referred to in more detail.^ . • 

* The G^ttmann Stability Test.* Consists ip employing filter 
paper wetted,with a solution of diplienylamine‘*in sulfuric acid,® 
the test being applied in the fohowing manner: *1.5 gm. of the 
pellulose nitrate is placed in the regulation size pnd ^i?n of test 
tube. Strips of well-washed filter paper, 25 mm. wide, are hung 
on a hooked glass rod in tiie tube. A drop of the diphenylamine 
solution is taken up by means of a clean glass rcxl, and the upper 
comers of the filter paper arc touched with it, in such a manner 
that when the drops run togfthcr about a fourth of the filter paper 
is moistenec^ This is then put into the test tube, and^this again 

1. Spl A. Egerton, J .S. C. 1. lOl.S, 32, .^■!l; 1914, 33, li:!. 

2. Rcvista, Aug. 1897. Alti. del Rcalc lust, di .Sci. Sec J. Ziguli, 

Third Inti .Cong. Appl. Cli?m. , 

3. J. C. I. 19W. 32, .331; 1914, 33, 113; alwt. C, A. 1914. 8, 1.304; 
J. C. S, 191.3, UM, ii, .3,34; 1914,106, ii, 390; Chem. Zentr. 1913, 84, II, 908, * 
2063; 1914, U, I, 1379; Meyer Jahr, Chem. 19i:L 23, 30;!; Zts. aiig. Chem. 
1914, 27, II, 211, 681; Zts. Schicss. Spreng. 1913, 8, .390. 

4. J. S. C. I. 1897. 16, 283, 293: Zta ang. Chem. 1897, 10, 2.33, 266; 
1898, 11,' 1103; 1900, 13, ,392, abst. J. S. C. 1. i899, 18, 174; Rev. Fhya. et 
Chim. 1896-1897,1, 409; Mon Sci., 1898, SI, HI; 1899, 53, 148' 1900, 85, 
831; Chem Centr. Vi97, 68, 1, 118.3, 1186, 1899, 70, 1, 7&. Jahr. Chem. 1897, 
so, 1064; 1898, *61, 1380; 1900, 53, 849; Meyer JAr. Chem. 1897, 7, 300; 
Wag. Jahr. 1897, 43, 487; 1858, %4; .383; 19(K), 4% I, *1*1. C. Kullgreii, 
Zts. Schfess. Spreng. 1912, 7, 153; abst, J. S.C. I. 1912, 31, 4,39, finds when 
using a diphenylamine te.st pajier, that if guncotton of low heat fest (.3-4 
mins.) be heated coifti»uously for 6-14 days at 4.3'^ C., the heat test rises to 
11-12 minutes. He considers that this points to the fact that unstable 
bodies in the guncotton are not immediatley decomposed into nitro^n per¬ 
oxide, but pass through one or more Intermediate stages of decomposition. 

■ 5. G. SpicJl (Revista, Aug., 1897) proposes to impregnate the paper 
with m-pheilylenediamine hydrochloride and cane-sugar, but as the reagent 
is much more sensitive than potassium iodide and starclu it has not been 
more extensively used. * 

6. 0.10 gm. 4iphenylai|ine crystals are placed in a wide-necked Saak, 
stoppered, with EO cc. dilute sulfurk acid (10 cc. acid, 40 cc. water) and 
placed on a water bath at 50°-55 . Thisstemperature will cause the di- 
phenylamine to melt and at once pass intof solution in the sulfuric acid. 
The Sask is then removed, shaken, cooled, 50 cc. con^tra(^%Iy(^ol add^) 
and the finished reagent kept in the dark. * • * 
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into the watej bath, which has been heated tr 70®. The heat- 
test reaction shchil^ not appear in less than fifteen minutes, and 
will begin the moist part of iTie paper acquiring a greenish 
yellow color, and from this moment the paper should be carefilly 
watched.* After one or two minutes a dark blue'mark may sud¬ 
denly eppear on the dividing line between wet and dry paper, 
which is the point which is to be loqked for.^ 

C. Hoitsema® uses sindiar indicator (diphenylamine and 

1. Tfiis test has been ^dop^t by the Beij^ian.military authorities 
and is used elscv^here, but J. Thomas (Zts. ang. Chera. 1898, 11, 1027), H. 
Aspinwall (J. S. C.A. 1902, 21, 087) and G. Spica (Revista, Aifg., 1899) have 
found it unsatisfactory, F. Nathan (J. S. C. I. 1901, 20, 10) finds the test 
fails when testing volatile explosives such as nitroglycerol, the latter being 
decompos».-d by the sulfuric acid on tlA; paper. C. Hoitsema (Zts. ang. Chem. 
1889, 2, 704]^heaKi the explosive at a constant temperature for fifteen min¬ 
utes, and then aspirates the voletile products of decomposition \y/ means of 
a current of carbon dioxide, through glass wool moistened witfi Guttmann’s 
diphenylamine solution. This operation is repeated, lowering the temperature 
each time by 10°, until a temperature is reached at which no volatile de¬ 
composition products come over which give a color reastion with diphenyl¬ 
amine, this tremg taken as the point at which decomposition ceases. This 
test is exceedingly sensitive. 

2. W. Dregcr (Zts. Schiess. Spreng. 1909, 4, 12,3) determines diphenyl¬ 
amine. basjfl upon the fajt that in alcoholic solution it.reactr with bromine 
to form tetrabromodiphenylamine: 

, (C,H,)-NH -I- 8Br = (C,H,Br,),NH - 1 - 4HBr 

This brorao-derivative is insoluble in water, sparingly soluble, m alcohol, 
readily soluble in benzene, xylene, chloroform, and,ethyl acetate, especially 
on warming; it melts at 102°, and crystallizes in reddish needles having a 
silky luster. For the determination of diphenylamine in the commercial 
product,the sample is dissolved in alcohol, or if already in ethereal solution, 
the ether may be driven off by adding alcohol and warming. Excess of 
bromine is then added, drop by dro]J, with constant stirrirfg. The solution 
is next nnxed with twice jts volume of„water and the .wtyole boiled until the 
alcohol and excess (of bromine are driven off and the bu)k is reduced to one- 
half—constant stirring ts needful. The precipitate of tctrabromodiphenyl- 
amine is transfsnud tq a funnel, or Gooch <Crucible, connected to a water 
pump, and washed with warm water to remove the last traces Sf alcohol 
and broteiine, and lastly dried at 98°-100° until of constant weight. Smaller 
quantities may be estimated by evaporating to drynessati» previously weighed 
glass vessel. If it be desired to determine the diphenylamine contain^ in 
gelatinized nitrocotton, the nitro-compound is gradually decomposed by 
means of soda lye in a capacious flask. The flask is closed by a doubly per^ 
forated stopper fitted with a stoppered funnel, and a bent* tube attached to 
a condenser, which communicates with a suitable receiver. “The free di¬ 
phenylamine and any camphor that may be present are carried into the 
receiver which contains ether. The distillate is well shaken with common 
salt; the ether completely dissolves the diphenylamine and any camphor, 
and the determination is then complete^ as before indicated 

3. Zts, ang. Chem. 189S, 12, 705; abst. Wag. Jahr. 1899, I, 423; 
T. S. C. I. 1899,18, 857; Cheta. Centr. 1899, 70, II, 647; Jahr. Chem. 1809, 
S2, 1304; Mon. 1890. 51, 826; Tech. Chem. Jahr. 1899, 22, 146; Meyer 
Jlhr, Ch4m.'1899, 9, 300. S. Jannopoilious (Zts. Schiess. Spreng. 1900, Ij 
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sulfuric acid), but carries out the test differently. ^T^e explosive 
;s heated in a thermostat for 15 miyutes af a particular temperature 
and the volatile firoducts of decomposition are then removed by 
a cnlftnt of carbon dioxide. A blue color* shows the jfresence of 
oxide of nitrogen. The test is repeated, reducing the temperature 
10° each time until a point is reached ifhen there is no reaction. 
G. Spica prepares his testtpaj^r by dipping Berzelius paper in 
a 0.1% aqueous solution of w-pfienVlenediamine hydrochloride. 
The solution should be kept in the dark, fireferably qver calcium 
chloride. Thapaper is moistened before the test w^h an aqueous 
solution of sugar* (10%). The test is carried out at 66°-67° in 
the case of guncotton and nitroglyserol, and 71° in the c^se of 
ballistite. A blank test must always be carried otH bjadieating 
an empty thbe in which the paper is sfispended; this procedure 
is necess^ owing to the extreme sensitiveness of the test. A. 
Egerton’sreagent''^ ’’* consists of (1) .9cc. of 0.1 gm. naphthylamine 
in 100 cc. of 0.01/N acetic acid, 5 cc. of 0.5 gm. sulfuric acid in 
100 cc. of 0.001/N acetic acid*and 10 cc. of glacial acetic acid; 
(2) a nearly sSturatad solution of dimethyl aniline in glaci4 acetic 
acid. The apparatus used gives a small, but definite surface 
which absorbs nitrogen peroxide and colors to a certain tint, de¬ 
pending* on Ifs concentration. The apparatus consists of two 
small discs 1.3 cm. diameter, %ine of opal and the other of clear 

glass, cemented together, the c*Iear glass disff having a holt 0.5 

• 

349; abst. C. A. 19#7, 105) has carried* out an investigation for the pur¬ 

pose of ascertaining thf effect which the solvents or ^latinizing agents pres¬ 
ent in smokeless powders exert on th^ Guttmannrjparreetest, usiitg the 
diphenylamine pap^*, Ind the official German test, uiing the ziuc-iodidc- 
st^ch paper as the indicator of duceffnposiUon. A nityx;ell|0»5e smokeless 
powder was*used in one set of experiments ancj a nitroglycerol smokeless 
powder in the other. Samples were heated to a temperature of 35^ t*38^ 
for four days. They weaelhen tested side by side with fresh samples. With 
nitrocellulose powders the Guttmann-Sparre test gave dh increased resistance 
of 6.5 to 7 minutes for the preheated samples over the fresh samples, and 
the official German test gave an increased resistance of 0 to 15 minutes for 
the preheated samples over the fresh samples. With the nltrogly^ol pow¬ 
ders only the Outtmann-Sparre test was used, and this gave a diminished 
resistance of 5 to 71 minutes the preheated samples as compared with the 
fresh samples. • 

1. ^e author is ^^ware of the delicate nitric add reagent 9.i0-mono- 

oxyphenanthrylamine, a. SchmiClt and H. Lumpp (Ber. 1910, 43, 794) 
having as yet been tried in this coon^tion. ^ J. Strauss, I^oc. U. S. 
Nav. Inst. 1910, 33,929. ^ 

2. J. S. C. 1.1913, 32, 331; abst. C. A. 1913, 7, 2474. 

3. J. S. C. 1.1913, 32,112; abst. C. A. 1914, •, 1*6. 

4. B.Smart, 1913, 967. 



2336 


TECHNOLOOroP CBEEULOSE ESTERS 

• H * t' Ji 

into the watej bath, which has been heated tr 70®. The heat- 
test reaction shchil^ not appear in less than fifteen minutes, and 
will begin the moist part of iTie paper acquiring a greenish 
yellow color, and from this moment the paper should be carefilly 
watched.* After one or two minutes a dark blue'mark may sud¬ 
denly eppear on the dividing line between wet and dry paper, 
which is the point which is to be loqked for.^ 

C. Hoitsema® uses sindiar indicator (diphenylamine and 

1. Tfiis test has been ^dop^t by the Beij^ian.military authorities 
and is used elscv^here, but J. Thomas (Zts. ang. Chera. 1898, 11, 1027), H. 
Aspinwall (J. S. C.A. 1902, 21, 087) and G. Spica (Revista, Aifg., 1899) have 
found it unsatisfactory, F. Nathan (J. S. C. I. 1901, 20, 10) finds the test 
fails when testing volatile explosives such as nitroglycerol, the latter being 
decompos».-d by the sulfuric acid on tlA; paper. C. Hoitsema (Zts. ang. Chem. 
1889, 2, 704]^heaKi the explosive at a constant temperature for fifteen min¬ 
utes, and then aspirates the voletile products of decomposition \y/ means of 
a current of carbon dioxide, through glass wool moistened witfi Guttmann’s 
diphenylamine solution. This operation is repeated, lowering the temperature 
each time by 10°, until a temperature is reached at which no volatile de¬ 
composition products come over which give a color reastion with diphenyl¬ 
amine, this tremg taken as the point at which decomposition ceases. This 
test is exceedingly sensitive. 

2. W. Dregcr (Zts. Schiess. Spreng. 1909, 4, 12,3) determines diphenyl¬ 
amine. basjfl upon the fajt that in alcoholic solution it.reactr with bromine 
to form tetrabromodiphenylamine: 

, (C,H,)-NH -I- 8Br = (C,H,Br,),NH - 1 - 4HBr 

This brorao-derivative is insoluble in water, sparingly soluble, m alcohol, 
readily soluble in benzene, xylene, chloroform, and,ethyl acetate, especially 
on warming; it melts at 102°, and crystallizes in reddish needles having a 
silky luster. For the determination of diphenylamine in the commercial 
product,the sample is dissolved in alcohol, or if already in ethereal solution, 
the ether may be driven off by adding alcohol and warming. Excess of 
bromine is then added, drop by dro]J, with constant stirrirfg. The solution 
is next nnxed with twice jts volume of„water and the .wtyole boiled until the 
alcohol and excess (of bromine are driven off and the bu)k is reduced to one- 
half—constant stirring ts needful. The precipitate of tctrabromodiphenyl- 
amine is transfsnud tq a funnel, or Gooch <Crucible, connected to a water 
pump, and washed with warm water to remove the last traces Sf alcohol 
and broteiine, and lastly dried at 98°-100° until of constant weight. Smaller 
quantities may be estimated by evaporating to drynessati» previously weighed 
glass vessel. If it be desired to determine the diphenylamine contain^ in 
gelatinized nitrocotton, the nitro-compound is gradually decomposed by 
means of soda lye in a capacious flask. The flask is closed by a doubly per^ 
forated stopper fitted with a stoppered funnel, and a bent* tube attached to 
a condenser, which communicates with a suitable receiver. “The free di¬ 
phenylamine and any camphor that may be present are carried into the 
receiver which contains ether. The distillate is well shaken with common 
salt; the ether completely dissolves the diphenylamine and any camphor, 
and the determination is then complete^ as before indicated 

3. Zts, ang. Chem. 189S, 12, 705; abst. Wag. Jahr. 1899, I, 423; 
T. S. C. I. 1899,18, 857; Cheta. Centr. 1899, 70, II, 647; Jahr. Chem. 1809, 
S2, 1304; Mon. M. 1890. 51, 826; Tech. Chem. Jahr. 1899, 22, 146; Meyer 
Jlhr, Ch4m.'1899, 9, 300. S. Jannopoilious (Zts. Schiess. Spreng. 1900, Ij 
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utes, for invnediate’use; under 10 minutes, to bu destroyed. 

The metbpd proposed by th^ authof is a modification of the 
test introduced i>y Sy. This consists in heating the cample of 
niti^fcllulose (4 gp.) at a temperature of. 115” for seteral days, 
for a period of eight hours per day, and determining the daily 
loss in weight.' The latter, taken in (tonjunction with the*time 
of heating, is an index of*the»stability of the compound. For 
purposes of factory control thiS tfct hac tlie disadvantage of 
being rather prolonged, and the author h^ modified it as follows: 
The sample tci be’tested is heated at 130“-140° C.^ and weighed 
after successive periods of heating of two hours duration. Nitro- 
celluloK when dried to constant i^ight at 50°-f)0'* C. syil re¬ 
tains a certain percentage of moisture whicll is oiriy djaven off 
at temperatuxes above 100°, or by prolonged exposure, in vatuo, 
over sulfuric acid. It is important that this last trace of mois¬ 
ture should be got rid of ^fore beginning the test proper. From 
3-3 gm. of nitrocellulose pre placed in a glass dish provided with 
a light, well-fitting cover to prevent absorption of moistui;e dur¬ 
ing weighing.” ,The,sample is heated to constant weight #t 50 °- 
60° and afterwards for ten minutes at 130° to drive off the last 
trace of moisture, and then weighed.' It is kept for two hoilrs 
at a teftiperature of 130°-140°, cooted in a vacuum desiccator 
over sulfuric acid, and the lots in weight rapidly determined on 
a Curie balance. This process is then related some fifteen 
times further. The results are calculdted on the basis of the 
loss in mgrro. per gm. of nitroceljulose takep, and these are the 
figures which agpecr in the subjoined tablts. In general, the 
samples are heated with freewefesS of air. Should at>be desired, 
however, to study the decomposition in the presence of the Bfod- 
nets of decomposition, the gla.ss weighing vesi^l can be enclosed 
in another, provided with a cover fitting air-tight by means ol 
a rubber ring and spring. In the author's experience it is only 
when the nitrocSlulose is unstable, that the presence of the 
products of decomposition accelerates the rate of decomposition 
Standard stable samples of nitrocellulose are prepared by carefff 
purification in the laboratory, an4 the factory output is checker 
against these as a standard of comparisoif^. 
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Italy. Q, Spip’s report states that the‘heat test of nitro¬ 
cellulose (1.3 ^.) is carried out at 06° to 67°, and should not be 
below 15 .minutes, while nitrogtyeeiol powders (3.25 gm.) ground 
and sifted, through a p.4-0.5 mm. Sieve, should not show ,51 test 
o( less than 12 minutes at 71°. 


in ordef to unify the methods of testing the stability of 
explosives, a committee was appesinted at the Sixth International 
Congress of Applied Chemis^try‘(1906).i 

R.'Robertson and 3 . bmart^ have carried out an extensive 
study of the heat test and although they admit that there are 
points in connection with the Abel test which sometimes render 
it difigiCult to interpret the results obtained, yet in the majority 
of cases, mutfi information on the intrinsic decomposition of ex¬ 
plosives may be observed". Their conclusions as tabiAated below, 
unless otherwise stated, refer to fully purified non-gelatinized gun¬ 
cotton and nitroglycerol. From the experimental results obtained 
and knowing the rate of decomposition of an explosive, they have 
deduced a formula from which the heat test of an explosive may 
be calctilated, on the assumption that only .a. process of decom¬ 
position vrith formation of nitric peroxide goes on. during the 
test. The equation found is: 


T = 
0 



r 



QrT 

KV 


where r is the rate of rise in the concentration of nitric peroxide in 
the heat-test tube ,due to the decomposition of the explosive— 

1909, 28, 162) has lUhde some experiments on the adiiitkn of diphenylamine 
to smokeless' pt wders, as regards its etfect upon the heat test. One gm. of 
the nitrocellulose powder was taken for the tests, which were cSrried out at 
a teiltperature of W” C. In the case of nitroglycerine explosives the tempera¬ 
ture was 70° C. The nitrocellulose powders ha*da» an original heat test 
of 9 to 11 minutes sfiowed a drop in heat test of '/i to 3 minutes after the 
addition of 1% of diphenylamine. The nitroglycerol explosives of 18 and 
29 minutes heat test showed a drop of 1 to 4 minutes under similar conditions. 
After heating for 72 hours at 38° C., similar nitrocellul<ae powders showed a 
rise in heat test of 3 to 5 minutes, while the same sample# containing di- 
phenylamine showed a rise of only about */, to 1 minute. A similar treat¬ 
ment of nitrdllycerine expteives gave a drop in heat tert of 4 to lO'A min¬ 
utes in the untreated explosive and 9 to 12'/i minuses in the same samples 
containing diphenylamine. The author cmcludes that diphenylamine can¬ 
not be considered as a stabilizer for smokeless powder. 

1. See Zts. Sohiess. Epreng. 1912, 7, 435; abst. C. A. 1913, 7, 701. 

2. J: S, C. I 130; abst. C. A. 1910, 4 , 1807; Zts. Schiess. 

' Sprenrf. 1010, 8 , 208. . , * 
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which may be Experimentally determined ^ by .the formula 

0 = 13v X 10-* ) , - , * 

K = 31 ^ 10^' f ^heat-test paper 

= the uppccupied volumr;of the U'st lube-(18»ec.) 

r = the rise in concentration of nitrogen peroxide in the heat- 
test tube, due to decomposition of exploSivc. This can 
be experimentally determined. 

For good guncotton, log r •- O.fioffcli —*10.6928 if allowance is 
made for the lo^ in the time o< uie.test due t(i thc*facl*that 
initially the guncotton is colder than the bath. •, 

The result# of R. Robertson and B. Smart’s work have been 
summarized by them as follows: • * * 

(1) When Abel heat-test papers are exposed lo ai»unlimited 
quantity 6f»air containing nitric peroltidc, the time required to 
produeg a standard tint is*inversely proportional to the concen¬ 
tration of nitric pgroxidg. 

(2) For the standard heat-test papers as prepared at Wal¬ 
tham Abbey, the product itf time in minutes by the eoiicentni- 
tion in millfgtaras.of nitric peroxide per cubic centimeter is 31 x 
10 -*. 

(3) Jhe total quantity of nitric peroxidQ absorbed by orfe of 
these'test papers in toming to standard tint is 135 x 10' * nigm. 

(4) It is possible to ciflculate the heat test of an explosive 

when the rate of decompositton of which af a given temperature 
is known. • • ’ 

(5) The caloulated heat tcjt of gunccjtton at various tem¬ 

peratures and^ith varying ijuantities agfeqf, well with the ex¬ 
perimental results. • * • • • 

(6) This agreement taken in conjunction with many, other 
experiments, serve* ito show that in the cqje of guncotton the 
Abel heat test represents the decomposition during the test of 
the guncotton itself, and is not due to dissolved impurities. 

(7) Wl»en guncotton is to be heat-tested it is neees.sary to 
■‘condition” it. Very dry guncotton gives a high Jest, owing to 
the drying of the Jest paper, whereas wet guncotton gives a high 
test, owing to the excess*of water which condenses in the test, 
tube, absorbing considerable of the nitr!^ peroxide. 

(8) Since the heat test of a guncotton isjpt a^ieasi^e of it^ 
initial decomposition, the test cannot ’safely teyegarded as an 
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absolute determination of its stability. Under the Will test, 
non-volatile catalyzers may ^not, give rfte to an abnormal rate of 
decomposition emtil after 15-30 minutes at 136° hsfk'e elapsed, 
whi& at 77° wauld correspond .to much more than the actual 
duration of the heat test. 

(9) When nitroglycerol is heat-teJted in the normal fftshion, 
the test obtained is very*mifch higher than would be expected 
from the known rate of decomposi^on of nitroglycerol, but the 
calculated test is supported when tlve nitrogly^rol * is ^m- 
minuted on ilpecially purified silica wool. 

(10) The solubility of nitric peroxide is so marked that at 
lower temperature the observed results were mostly*too hjgh. 

(11) As ordinarily heat-tested, the time represents merely 
the solutiAi “pressure of nitric peroxide'in the nitroglycerol. 

(1^ When small quantities of guncotton are added to nitro¬ 
glycerol, the heat Jest rises, owing to the lowering of the solution- 
pressure of the nitric peroxide in the nitroglycerol, or to the 
increased viscosity of the liqitid. 

As soon* as sufficient guncotton is added to break up JJie liquid 
meniscus, Jthe heat test falls rapidly, owing to the comminution 
of the nitroglycerol. On account of the feltipg of the fine filters, 
the comminution of the nitroglycerol is never so perfect in pastes 
as it is when the nitroglycerol is spread out on silica wool. 

(13) When guncotton containing sulfur!?; esters is mixed with 
nitroglycerol the ester readily accelerates by catalysts, the de¬ 
composition of the latter, and loiy heat test% result. , 

Fume Tests (Stability). The Abel andjirarious other trace 
tests alr^y referred to artf at nfbst only of a*quahtative nature. 
A large amount of experimental work ha? been carried out i^i order 
to obtain a better* idea of the volatile prwjucts produced when 
nitrocellulose is heated at various temperatures below its explosion- 
pcrint under st^dard conditions. As early as 1879, P. Hess* 
heated nitracellulose in a tube to 70°, and by means of a current 
of air, the volatile products were aspirated into a ^dilute potas¬ 
sium iodide solutijpn. Four colorimetric readings of the starch- 
iodide soluticm were madet as well as a record taken of the time 

1. Mitth. Gegenst. d. ArtiU. Geiiiewe«gui, 1879, 345; Dingl. Poly. 
1879, 214, 43; tbst. Wag. Jahr. 1879, 21, 398; Zta. Chem. ^rossgewerbe. 
1879, 4, 287; Chem. Ztg. 1879, S, 688; Chem. Tech.<ep. fS79. If, I, 286^ 
Chem. Centr. 1880, U,l^. 
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of heating. 0. ^Stfberrad' also heated explosives to ,70°. He 
used, however, unground‘smoke^ss ^powder and rastricted the 
quantity of'air. 'To make the test quantitative ihe proposed a 
measurement of' the gas* evolved or a measurement of the ftm- 
traction due to the absorption of the oxygen. These tests re¬ 
quire S. very long time fctr their execution, if an appreciable 
amount of decomposition is to take ^ace»—especially with a stable 
explosive. A test at a (Simp^atfvely low temperature (as 70°), 
although too higli to imitate aekial conditions of the powder dur¬ 
ing storage, app^aaches more nearly to these comfitiots than tests 
at 115° or 1.35°. • • 

In p. Patterson’s siirveill.'yice test'^ for smokeless powders, 
10-15 gra.*)f the powder are heated in a glass vessel which is 
especially resistant to the ‘action of nitrogen oxides. * For the 
largest size powders heated at 05.5° "a period of 300-40^ days 
passes before brown fumes appear—if the, powder is stable. At 
80° brown fumes appear in about 100 diiys. l*'or old powders 
the abovf periods are less dependeut fti the stability of the powder. 

The ^altliam Alibey silver vessel lest (wWch it Suitable for 
certain types of cordite and for gelatinized powders containing 
a hi A nitroglycerol gantent) is carried out as follows: 

The sample is ground as fine as for the heat test, from 40-50 
gm. being placed in a glass vcssel^Surrotindcd with a vaaium 
jacket, ‘silvered in orScr to^ minimize the loss of heat. A long 
tube is fused in the neck of the Vessel and at right%ngles to it, in 
order tck better qbserrw the* appearance of any'red fumes as soon 
as liberated, a thermometer passing through thS: week and being 
imbedded in tlfc sample of powcler. 'The vessels are placed in 
a thermostat at 80°, ±0.1°. After some time red fumes are ob¬ 
served in the side tube, the temperature of tJi5 Cordite begins to 
rise aS indicated by the thermometer imbedded in it, the time being 
noted for the first rise of 2°. Wlien first manufqptured, a satis¬ 
factory cordite will stand this test from 500 to 000‘hours, the 
explosive being considered unserviceable, and is destroyed, when 
the test falls below 200 hours., 

1. Ann. Rept. II. M. Inso, Expl.‘l905, 28. 

2. Seventli Inter. Cong,, Appl. Chem. 1909. Zts. Schiess. Spreng, 1910, 
S, 47; abst. Cfeem. Zentr. 1910, 81, I, lOfiO; Jabr. Chem. 1910„6S, 426; Wag. 
JV.hr. 191K,4<!,r;'499. ^ 

3. Complete directions for perf*ming this test may be found in "Reg- 
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In th« test' of J. Simon-Thomas' a higher.temperature than 
that required for the above test| is emjMoyed and the experiment 
carried out over eight days. The explosive «s plaSxd in the 
botAm of a caiefully cleaned «ylinder«(16 cm.- hifh, 1.5 cm. 
diam.) fitted with a ground-glass stopper. It is heated in an oil 
bath at a particular temperature 95'’ or 1*00°) foi^ eight 
hours a day, and left in the oi^bath over night, the heating being 
continued until the appearance'of W fu!nc.s are observed. The 
test is carried out in duplicate. Salisftvitory powdjrs cbntaTning 
nitroglycerol*should .stand four days’ heating <at 95° and an 
ordinary nitrocellulose powder should stand for three days (i. e., 
24 hours’ heating) at a tempcratuijp of 100°. At 9.*5° staye gun¬ 
cotton will stand over 20 days’ (100 hours) at 95°»witItout show¬ 
ing brown’fimies. * 

Th|; Vieille test is nioit; drastic than the Abel test. It can, 
however, be regarded pnly as a preliminary test, as it is not 
strictly quantitative. U) grams of the explosive is heated at 110° 
in a strong glass tube or bdttk in a specially designed .bath, a 
piece of staflobrd blue litmus paper being placed above^he sam¬ 
ple and the tube closed air-tight. Heating is continued in the 
air-bath jmtil the litmus paper is entirely rgddened. 'fhe time 
required for‘the reddening is noted! after which the tube is re¬ 
moved and opened. This ».st is continued each day, until the 
time required to redden the litmus to .thtf standard tint ’is not 
over an hour, »clean tube and fresh paper, of course, being used 
each day. The daily times are ^dded and ^e total accumulated 
time should ncit l»e less than thirty hours fqj powders for 5 in. 
and larger guns, twenty hoars fot powders deiiign«Vfor less than 
5 in. guns, and ten hours for nitrocellulbse.® This test hqg been 

ulations for Army OrdnSnee Service,” Wyman & Sons, Publishers, 1908, 11, 
152-167. 

4. On account of the large volume of explosive operated upon, it is 
discreet to carry oyt the test in a special building removed from other struc¬ 
tures. The ^mperature of the bath may be kept constant by boiling a 
mixture of water and methylated spirit, or benzene, or by means of a regulator 
such as the Lowry. , 

1. Zts. ang. Chem. 1898, 11, 55, 1003, 1027; abst. Wag. lahr. 1898, 
44, 382; J. S. C. I. 1898,17, *179, 1180; 1899, U, 174; Chem. Centr. 1899, 
70,1, 76, 509; lahr. Chem. 1898, M, IS79; Meyer Jahr. Chem. 1898, 0, 327, 

2. On account of the volatility of nitrc^lycercd and its danger of ex¬ 
plosion, blasting gelatin and ^milar nitroglycer^-containing explosives cannot 
be tested by tms method. For "Optical Indicator gOJhe BKompflsition 
Smokeless Powders,” see J. Bouchaud-Pracdlq, F, F. 41382If 1909; also 
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adopted officially k France, and in some other countries, but the 
results obtained by this test haveJbeen regarded by Sy* and some 
others as urireliabie.* o 

According to A. Sy, 4he test shows solely the acids prodtrced 
in the decomposition. It is difficult to obtain uniform conditions 
in the experiment owing 'to the necessity in obtaining equal 
pressures in all the bottles, and',' alto to the need for the 
employment of litmus of unifoim'grade. The litmus indicator is 
much less sensitive than the test paper of Abel or of Guttmann. 

The litmus paper in the above test may be replaced by methyl 
violet paper. However, unless the latter is produted mider care¬ 
fully standardized conditions, .the results obtained will be im- 
reliable. The method of preparing the paper is as follows: A 
small quantity of the dipping solution (about 100 cc,)** is placed 
in the deep angle of an inclined “detp-form” rectangulw glass 
tray and a “quarter” sheet is dipped as a unit. In dipping, the 
strip* is suspended from both ends, drooping, so that the first 
end dips into the solution to witkin“a quarter of an inch of the 
edge, theif the paper.is slowly drawn up the„side' 6f the dish, 
drawing the remainder of the strip through the solution, Taking 
the strip through the solution should occupy thirty seconds; 
drawing the strip up the sides of the glass dish removes surplus 
solution. The strip should then be held horizontally and gently 
waved to and fro so to preclude the possibility of the solution 
collecting in spots. The alcohol rapidly dries sOo.that within a 
minute ,the strip may.be suspended vertically-mthout danger of 
the solution running.' When air-dry, the paper is ready to be 
cut to the reghlwr si«e of 30 x TO'tnm. for use in the Genij,an test. 
100 cc^of solution makes about 250 of those strips. The so-called 

J. S. C. I. 1908, 27, 961 ;4909, 2*, 1007, 1105. For ditermiaation of rdative 
amounts of smoke produced from smokeless powders, see H. Rebenstorff, 
Zts. Schiess. Spreng. 1908, S, 45. 

1. J. A. C. S. 1903, 25, 555; J. Frank. Inst. 1908, IjM, 249, 321, 433. 

He finds the results are reliable only when the explosive is eithpr very good 
hr bad. * 

2. As the .-eddening of the litmus indicates the presence only of add 
products, it is affected by the moisture content of the sample. The papers 
used by the U. S. Ordnance Department are the same' as described under 
'Jie “135° test.” 

3. The dipping solution consists of 0.25 gm. pure basic rosaniline 

(converted to %c^te); 0.188 gin. methyl violet (crystals); 4 cc. pure glycerol 
aud 30 Cc. winters. V , 

4. The strip ia imide from Schleicher and Schuell filter paper Ko. 507. 
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OrdnanceJJeparunent test at 115° was devized by^. Sy.' ITiis 
simple test, which it is claimed is noti subject tf) the variations 
found in many^stability detJrmfnations, is carried ou^ as follows: 
Frdki 1 to 4 gm^. of nitrocellulose are Ijeated in a ,watch glass 
in a thermostat kept at 115°. Tnie watch glass and powder, after 
eight hours of heating are cooled in,a desiccator and weighed. 
The process is repeated cj{iily»for six days or less. In this test it 
is claimed that the powder is h#at*d in its natural condition and 
all the products of decompositicji^are^ taken into consideration 
and not merfly fhe acids or nitrogenous products. * Tlie test also 
affords, so,it i^claimed, an indication of the effect of small quan- 

J. J. A. C. S. 1903, 25, 549; abst,J. C. S. 1903, 84, if, 617; L S. C. I. 
1903, 22, 511,924- Jahr. Chem. 19(B, 58, 1018; Arin»atKl Expl. 19(C U, 120; 
Chem. Centr. 1903, 74, I, 10,56. See also J, Frank. In^. 1«I3, 155, 161; 
abst. J. S.T:.*I. 1903, 22, 511; J. U. S. Arlfl. Sept-Oct., 190:1. According 
to A. Sy, the Abel test is too #iuch influenced by various conditions to be 
cemsidertd reliable. The zinc-iodifle starch modification is more sensitive 
than the Abel test, and ha^ all the weak points of the latter. Guttmann’s 
diphenylamine test tj- S. C. I. 1897, 288-290) is stated to give unMtis- 
factory results. Hoitsema*s test (J. S. C. I. 1899, 857) is too sensitive, 
and the reaction may be maskdtl. aThe explosion test, which insists in 
gradually heating 0.1 gm. of the sample in a strong test Uibe on a otl*|^th 
until explosion*occui%, can only be regarded as a rough guide stability, 
but is of some value in conjunction with other tests. The J. Thomas test (J. 

S. C. 1.1898.2280) is stated by H. Aspinwall Q- vS. C. 1.1902. 687) to be/)pen 
to the./)b 9 ectij^ that the length of time required » obtain definite results 
is too great. Tlie 135*’# or German test; is regarded by the author as one 
of the best of the stability teste. The Vieille test (J. S. C. I. 1902, 688) • 
suffers from the defects. (1) OnTj^acid products ofdecomposition are shown. 
(2) It is practically impossible to get all the Vieffle bottles equally tightly 
closed, and consequently the pressure ^varios in different experiments. (3) 
Varying results ate obtained, unless the litmus papers be uniform. The Will 
test (J. S. C. I. 1901. 609-617; 1002, 1470, 1554, ^.555) gives unsatisfactory 
results, the defective features l^ing as follows: (t^ The tftmperaturft of 136** 

C. is too high for^tanility testing Mrposes. (2) Th#decompOMtion is meas¬ 
ured only by the nitrogen evolfeo: f3) It is not vvy where the line 
is to be arawn between a stable and an unst^le product. (4) Since in the 
test the amount of unchanged material is constantly decreasing, it not 
seem probable that, (\*n with perfect product, eq^l amounts of nitroi|en 
would be evolved in equal intervals of time. (5) It is practically impossible 
to get carbon dioxide free from air, and as it is exceedingly difficult to pass 
the gas through the apparatus at a uniform rate, its air-content gives rise to 
serious errm. If the carbon dioxide be passed too quickly, it is not suffi- 
cieotty heabM In the preheating coil before it comes in cqptact with the 
sample, and it also may not be completely absorbed by the'eaustk soda; 
if it be passed too slowly, the gases of decomposition are flot carried away 
fast enough, and thigmay aff^ the course of the decomposition. (6) Qmte 
unstaUe products are liable to explodg- « 

At Uie Frankford Arsenal all nitrocrilulgses and nitrocellulose powders* 
are examined by the Abel test,*the explosion ^t, the 136^ C, test, and the 
VkUle test, and it is stated that a careful apptic%^ olLthese four tests 
allows of the detection cf as unstable product! * * 
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technologV op' cellulose esters 
tabIe cli.—nitroI:ellijlose ( 12 . 35 % Nj /op. military 

<■ , I POWDER 

• PuRiPiCATiON.—Boiled, before pulping, three times fof 12 hours, in 
slightly acid water. Then six times for three hours. Each washing with 
hot water is followed* by washing with cold igater ' 

■ Temperature 140® C. < 


Loss in Mgm. per Gm. of Nitrocellulose 


Weighings after 
Two Hours Heating 

•« » 

Standard 

Nitro¬ 

cellulose 

i 

C'ulijing 
C and 
^ne 
Washing 

OFine 

Pulping 

and 

Three 

Washings 

Four 

Extra 

Washings 

r 

Addition 
of HgCI. 

1 

10,000 

< 

1. 

9 ’ 

3;:"'*. 

5 

4 

< 4 

6 

5. ■ 

7 

7 

7 

9 

9 

11 

10 

• 11 

13 

10 

10 

12 

14 

17 

17 

17 

17 

J.7 - 
17 

17 

17 

8 

7 

7 

8 

9 

8 

■■ 10 

12 

12 

12 

12 

12 

12 

12 

'"7 ' 

0 

6 

7 

7 . ' 

8 

8 

9 

9 

9 

11 

'i ' 

1^ 

15 

9 

7 

6 

8 

7 

9 

8 

9 

10 

10 

11 

11 

13 

14 

4 «, 6 

6 . 

6 . 

7. 

8.1. 

9 . 

10 . 

11. 

\% .‘. 

13.t..... 

14. 

Manometer test 
(Obermiiller) test 
140® C. (mm. of 
Hg)*:. 

6 

' 0 

8 

9 

. 11 

11 

12 ' 
13 

12 

, 18 

20 

29 .. 
34 , 

,8 

9 

lOX 

11,'^ 

13 

7 

7,. 

9 

10 

12 

12 

r 

9 

K »'A 
HA 

11 

11 

13 

13 

14 


Abel tost, 80® C. 

.H min. 

4 min. 


*18 min. 

over 1 hr. 

Vieille test, 110° C.. 

s 22 hrs. 

7 hrs. 

11 hrs. 


15A hrs. 


48 min. 

W * 

19 min. 

26 min. 

39 min. 

33 min. 


e 


* ^ « 

titles of added subst^itices or foreign matter 9 n the stability. The 

long time (1 week) required for the carrying out of this test 
militates against its general use.' In the modified test of M. 
Jacqu 6 a sherter time is required. The nitrocellulose is heated 
to constant vKight at 50°-(i0 and afterwards for 10 minutes at 
130“ to drive off the last traces of moijture, then desiccated and 
^finally weighed. The dry, sample is kept for two hours at a tem- 
1. R. Escales, Zts. anglChem. 1905, 18, 940; abst. Wag. Jahr. 1906, 
% I, 468: Jabr. Chem 1903-1908, II, 976; Chem. Centr. 1905, 76, II, 281. 
Sm also Wag. Jahr, 1906, SI, E 458. , 
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perature oi i#u-ri'iO°, cooled in vacuo ^ver sulfuric acid and 
the loss ft weight rapidly determined,on a Ctirie fialance. This 
process is repeated fifteen «timts. The results are calculated on 
thf basis of ftie loss in mgm. per gram of nilrocclfulose taken. 
The samples aft usually heatedf with free excess of*air, although 
the experiment may be modified so that the rea(^ion takjs place 
with the products of decomposition present. In this case the 
glass weighing vessel is enclosed a second vessel which is pro¬ 
vided with a close-fitting air-ti|ht cover. The a^jove^ table 
compares a typical analysis by M. Jacqu6’s method with tlie 
results obtained in the tests of Obermuller, Abel, Vieille and 
the 135° fum^tests, of a nitrocellulose under dilTei^nt conditions.' 

A compact apparatus suitable for the heating of explosives at 
constanWqynperature has been described by J. Brame,Consisting of 
three parts; (1) the boilii\g and heating jacket, (2) the dccompo- 
sition^d measuring apparatus, and (3) a mercury pump. Con¬ 
stant temperatufe is secured by utilizing the vapor from a liquid 
of constant temperatufe to heat the apparatus.’ * For the experi¬ 
ment at 140° toluene is employed, at 115° a mixture df toljiene 
(3 vols.) and xyfene (1 vol.) and at 130°, amyl ^Bcoffol is used 
(see Fig.’289).'' , , 

I'^ZtsTSchiess. {iweng. 1908, 1, 3i.5; abst. J.*S. C. I. 1906, 25, 1117. 

2. Zts. Schiess. Spreng. J912, 7, 216; C. A. 1912, 5, 1229; 1913, 
257; J. S. C. I. 1912, 3X, 159, j“C. S, 1912, 102, ii, 394. 

3. W. Hodgkinson and Ar CooU, Chem. ^ews, 1905, 91, 494; abst. 
J. C. S. 1905, 8$, ii, 488; T. S. C. I. 1905, 24, 560; Bull. Soc. Chim. 1906, IS, 
143; Chem. Ceiftr. 1905, 76, 1, 1522. * 

4. "Service Explosives, 1907." 

5. A. Mittasch, Zts. ang. Chtm. 1903, la, 929;Mabst. Chem. Centr. 
1903, 74, II, 996; T S. C. I. 1901, 22, 1208; Jah» Chem. 1903, 56, 1018; 
Meyer Jahr. Chem. 1903,13, JM5,%ag. Jahr. 1904, fO, I^^7. 

In*his method, the decomposition ves^l consisted of a small tube of 
about 8 cc. capacity, provided, by means of a ground-glass conneq|ion, with 
an outlet tube for tha gases. This was heated in a thermostat, whiclwcon- 
sisted of a small closed vessel, filled with aniline %nd connected, by a side 
tube, with a gas regulator; the thermostat was formed with a deep central 
indentation, forming an. air-bath, in which was placed the decomp<^ition 
vessel. The ga4es evolved passed to a U-tube filled with paraffin oil; in 
the narrowlr limb of the U-tube was a glass float, connected by means of a 
long piece of narrow glass tubing with a glass pen filled'with ink. The 
pressure of the gas forced the float upward, and the movement was reemded, 
by means of the g]^ss pen, upon a sheet of cardboard, to which a uniform 
hozizcmtal movement was Imparted by a clockwork arrangement, llie 
experiments with nitro-cellulosc were carriej out at 140®. About 0.12 gnf. 
of the sample was well mixed 9rith a diluting ^gent (sea sand, quartz powder, 
powdered marble, kieselgtihr) and introdu^d into the carefully cleaned 
and dried decomposition vessel. Complete•decoi4l^tiojlt*(rf;th« nitroenKu- 
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will’s stability Test.' A 2.5 gm. sample ci cellulose nitrate 
is iMicked in a d^coinpositiun tube 15 nun. wide and 10 cm. high, 
and heated an oil bath to 135 Vthe^oxides produced by decom- 


j, <. 


f ^ 




Fig. 289.-* Thf Bramb'Constant Tbmpbraturb H&atinO Apparatus 
POR Explosivss 


position of the nitrate being passed over ignited copper, "Vrhere 
‘they are reduced and the nitrogen retained in the measuring tubes.’ 

lose was effected in about one day. The slow decomposition of nitrocellu¬ 
lose is a pro«ss which is catalyticafly accelerated by the, products of the 
reaction. With the same sample, the velocity of decomposition varies consider¬ 
ably witl\ the cleanneM et thd decomposition vesset asd the nature and 
proportion of the dilutin^^naterial. The best diluting.material was fmind 
to be sea sand well piiiiiied by boiling ^ith acid and siibwquent strong 
ignition. The addition sf substances oi a distinctly basic character.^retarded 
the decomposition, but decomposable nitrogenous compounds, e. g,, am- 
moidum'uitrate and urea, considerably accelerated it. > 

1. W. Will, Mitt. a. d. Centrahlstelle f. Wissatch.lTech. Unteis. Nuo- 

Babelsberg, 1902, (2), 6; J. S. C. I. 1901, 2S, 609, 932; 1902, ^ 1490, 1554; 
Z. ang. Chem. 1901, U, 743; Chem. Centr. 1901, TI, II. 606, 667: Tahr. 
Chem. 1901,54,894; Meyer Tahr. Chem. 1901, 11, 316;Tech. Chem. Tahr. 1901, 
24, 204; Wag. Jahr. 1901,47,1, 601. Also Kismiensky, h»m. des Poudres 
Salpitres, 1906vl906, U, 247; abst. J. S. C. I. 1907, 25, 802. > 

2. The principle oi this test depends upon the regu^ty with which 
a cellulose nitrate is decomposed under conditions which permit of the re¬ 
moval and estimation of the products of decoipposition, especially the nitro¬ 
gen. The temperature of 135° is employed, the ester being kept in a con¬ 
stantly changiiw atmosphere of carbem dioxide, heated to the same temper¬ 
ature. The oxides of nitrogen Toimed are pass^ over red-hot copper, where 
tl^ are r^c<d,to niUgigen. and finally the rate of evcdutioiFol nibiscen ia 
measured. According (o Will, the best criterioo of a stable cdlulose nitrate 
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The air ip th# a])paratus (Fig. 290) is first entirely displaced by 
a stream of,COj from a generator* 0 / gas holder, the gas being 
purified by j^ing through Icrubbers. The» stream of gas is 
maintained duijng the' whole of.the operation, being absorbed at 
the end of the system by solution in KOH.’ Th€ pressure and 



Fio. 290.—Wat’s Apparatus^r Tbstino NiTROcattvtoss as Modi- 
piBD by*Robbrtson • 


rate of flpw of gas must be very carefully measured, and this is 


arrived at by counting with a stop-watch t|je number of bubbles 
of gas per* minute .which bubble* thrcwgh an interposed wash 


bottle of sulfuric acid.* Tile preheating worm in connection with 
the decomposition tube is of the thinnest hydrometer steir/tubing, 

is that it shall wolve at high temperatures equal quantities of nitrogen in 
equal periods of tiijie. For the accuracy of this test, it is essential that the 
material should be purified to the litiit, so that (Aitinuqd washing produces 
no further speedm Secomposition yhen tested bynigmetbod. 

1. Objection has bMn raisOT to the use of <»mpmjped CO. in steel 
cylindet^from the danger of the presence of yarying amcmnts of air present, 
the nitrogen present in which would lead to fictitious Yesults. Itjtas been 
found, however, that it is quite possible to produce this gas commercieliy 
with as tittle as 0.01^ air present—an entirely negligible quantity. Estima- 
tims of air present in a cylinder of this gas show that even when the COi 
is nearly exhausted the residual gas contains but a very small amount of air, 
insufficient to inluence die accuracy of the determination. A micrometer 
screw attached to the main valve oS the cylinder is useful !<x governing the 
rate of flow of gas. A blank experiment is usually made to determine the 
amount <rf air in the COi, and comction made in the final atadings. 

3. To guard against the posdbility of explosion, the decomposition 
tube and oil bath ail encasedfln stropg iron and glass walls. 

3. A mercury manometer is connectecLhen and is usfcful in detecting 
possible leaks in the apparatuM If the flowm gas be too rapid, it does not 
become anffidgntly prdieated in the glass spird, and if too sipw there is too 
idpid deoompodtiao of the eatet by the nit^en dRVies BVblvfd,swhkh are 
hOtntaiovBd. * 
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the ground-in (exit tube being kept in position by ‘k sn^ll screw 
clamp with trunnion bearii^s. ^ 

The reduction tube in whicn the oxides of nitrogen are re¬ 
duced to nitrogen is made of copper and consists of two paSts, 
an outer tube and an inner tube leading nearly to the bottom of 
the foriner. In the inner 4ube fits a spiral of reduced copper 
gauze and the annular space betweei. tlw tubes is filled a lightly 
packed, reduced copper spiral^' At the bottom, the inlet tube 
dips ifito a' layer of copper,,oxide asbestos, on the top of which is 
a layer of reduced copper asbestos. Through the India rubber 
stopper passes a glass tube, which leads the carbcci dioxide and 
nitrogen, out ol the reduction tpbe. As the portion of the tube 
containing the spirals Is heated to redness, water jackets are pro¬ 
vided on both inner and ouver tubes to protect the Irdta rubber 
cork. This reduction tube may very conveniently be replaced by 
a small combustion tube filled with copper and__ copper oxide in 
a somewhat similar manner as for a nitrogpn determination in an 
organic compound. 

To p^>’^nit of duplicate experiments being ipade a!v the same 
time, the bath is adapted for two decomposition tubes. The bath 
itself'is filled with high-flashing lubricating oil and fitted by/with a 
lid with two circular openings'for the spiral 4:ubes. This sur- 
Vounded by an asbestos-covere 1 envekpe, in the interior of which 
circulate the products' of combustion of the numerous gas jets 
used.' A nitrogen-measuring apparatus with zigzag tube is used, 
having been found mofe eeonomipal in potash.' ,The results are 
best expressed by plgtfing on coordinate paper,^lejlting the time 
in hours and thefemiUigrams of nitrogen be the two factors. ^ When 
the spegd of carbon dioxidfe is about 1,000 cc. per hour, a line of 
nitrogen evolution is pbtained which is curved and forms a satis¬ 
factory representation of the inherent instability of the material.’ 

1. The stirrer, operated by a water motor, or electrically, has a series 
of helical blades, curved to thoroughly mix the oil By this means a great 
constancy of teipperature is maintained. The bath should also be equipped 
with a temperature regulator and delicate thermometer.- 

2. The readings may be more conveniently taken by counterbalancmg 
the column of potash solution and reading off the volime <)t gas at atmo- 
»heric pressure. To do this, momentarily c&se the Sp directly in. front 
ot the measuring tube, which ,jloes not interfere with the progress of the 
test. The air correction is subtracted from eifich reading, and the remainder 
brought to the w^ht of nitrogen by the usual meth(3ds of ctdcplation. 

' 3. E illrecframem^aspeedof 1,680 cc. per hour, but it has been found 
that when the evolution of gas is slower, slight differences become more 
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The steepnesj of curve formed by thus plottiag Jh# results is 
an indication of the stability^of ester under examination. 
The diarper or i#ore abrupt the curve, the mote nitrogen is 

evolve#in a given unit of time, and<the lower the stability.' 

• 

2.6 grams of a stable nitrocellulose (N = 13%), yrhen te^ed 
according to the Robertson modificationf will evolve from 4-^.5 
mgm. of nitrogen in four loui%. ^ The above test has mainly 
proved its success in connection with ?|ie telting of ungelajiniz^d 
nitrocellulose. It Ij^, however, bedh us«l to a limited extent 
for gelatinized tnitrocellulose. It is not generallf.suitable for 
gelatinized pcMdeft containing stabilizers or nitroglycerol.^ 

In connection wth gelatinized explosive.s,the following ex¬ 
periments by R. Robertson* are of interest. The ifitrofellulosc 
powder was grftund in a mill, passed through a 100-mesh sieve, 
and 2.5 gi^s used for a Will test. The test was carried out for 
eight hours, for tha purpose of ensuring that there was no 
delay in the evolution of ititrogen owing to the gelatinized form 
of these explosives, even when fhe’substance was in a fine Stat«^ 
of division. a^ood nitrocellulose powder accordin^to all 

tests, (B) is one on which heating has passed through a stage o| 
instabilit^ks result of -^ich it haj a dimidished Abel test. 
(See Fig.’291.) * • 

It has also been proposed*,to modify tl|f test so that,the 


apparent, and relationships arc evident which ^ould be obscured by the 
greater gas evdution.# ' 

1. Several hours ue required to completely eliminate the air from the 
apparatus. The fifteen'minutes stated bf Will has b^n found insuffident. 
Readings are commeqcedthirty minut^ from the commencement of heat¬ 
ing the cellulose nitrate, and are coatifliied at fifteen-mii^te mkervals for a 
further periocRof four hours. Fresh caustic,pota^ solution is added every 
half hour or so. When unstable esters are heated under the condition of 
this ezperhneaV,the separtt^ of nitrogor is much greater at the commence- * 
ment M the operation than later. If tbe.product be vtrf unstable, explosion 
is Uabte to ensue. A cellulose nitrate is'iiegarded as "normal'' (satisfact^) 
when the nitrogen separatum .is uniform throughout the process. If the 
afaeohlta amount of nitrogen d^wrated is to be determined, the ester must 
be accnratdy weight; the air in Uie COi carefully estimated, and/he reduc- 
ghm cl .an gat'voiunies to Q* and 760 mm. pressure be made. SeealsoG. W. 
FatteiES^.‘‘^bBit]rTests' of Smokdess Powders," Seventh IntCong. Appl. 
Ctem., tondon, 1009. 


3; Rebertsoo ahd S. Ni 
*C. A. 1907,’% lW2j 

R.Ri 


. S. Cyl. 1‘ 

,43*. a . 

,. _ J. S. C. I. 1902, n, 810:4bst Moo. I 

668;<awni. C^dr. fWB, 73, H. MO: jato. Oiem. J902, l»U106l . 

4. Wwfj. S. C. 1.19M, See also H. As^n^, J. S. C. I. 


C. & 1007, n, 761, 764; abst, 
; Cheg). Zentr. 1607, 7B, 11, 96 ; 

.•1903, », 
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decomposition is calried out at 135° in vacifo jnstead of a cur-, 
rent of carfiop dfoxide. . 



f. Fig. 2:)1.— NiTRocELCutpse Powders—Eight-Hour Test 

A. Sascliieri modifies' the Will test by removing the decom¬ 
position products in a current of air, free from carbon dioxide, 
and conveying into 0.01 N alkali solution. The amount of acid 
products absorbed after a given time are 'determined. Stable 
nitrocellulose, it is claimed, does not cause a saturation of more 
tjian 2.5 cc. of the alkaline liqilor in two hours; thi^s is equivalent 
to 0.001555 v,ram of nitrogen. Lower nitrated nitrOcelluloses when 
tljqroughly stabilized give slightly lower results than the above. 

The Bergmahn and J[jink Test. ' The stability tayt of W. 
1902, 21, 687; abst. Cheni. Cciitr. 1902, 73, H.^OT; Jahr. Chem. 1902, 85, 
1055. < 

II Nat. CongirAppl. Chem. Tt.rin, 1911; Zts. Schiess Spreng. 1912, 
7, 41; abst. C. A. 1912, 6, 1326 J. ,8. C. I. 1912, 31y 204; Chem. Zentr. 
1912, U, I, 1264; Meyer Jnhr, Chem. 1912, 22, ;334. His process comprized 
(1) Separation of the mixeci acid, (2) two washings in cold water containing 
0.05% sulfuric geid; (S) two hours! boiling in water oi the same acidity; (4) 
two washings in cold whter; (5) two hours’ boiling iiuw,atcr containing 0.1% 
sodium carb^iate; 16) two washitigs'in,cold water; (7) pulping and final 
washings. As’5n Robertson's process, the boiling in acid waizr saponifies 
the ynstable sulfuric or nitrosulfuric esters, but does not affect the more 
stable nitric esters, the N content diminishing pyf, slightly. The sulfuric 
compounds arc stablt at 70* but readily decomposed at temperatures above 
100°, and resist alkaline saponification. The latter treatment causes a 
reduction of 0.2%-0.3% N, due to the breaking up of unstable nitrates of 
cellulose or hydrocellulo.se. The stability of the nitrocciydose was determined 
by means of the Spica modification of the Abel test at 70°,^nd a modifica¬ 
tion of the test at 135°, devized by Baschieri. In the latter test, I gm. 
of the sampligjs heated at 135° in a glass U-tube by means of an oil bath with 
a thermostat. The decomposition products, NO and NiOi, are conveyed 
by means of a current of air free from COt into O.ffi N NaOH solution, the 
saturation Oi which is determined after a given period of time. Stable nitro- 
cellulSses should not cause'll saturation oS more than 2.6 cc. in 2 hours, cor- 
responding.to 0.00035 gm.'iBaschieri’s process gave a product with a test of 
less than | c«7, amLAfial test 36 minutes. • 
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Will shows, a marlced advance in the ^method oj judging the 
stability of e^losives. Thc^higjj temperature in the decompo¬ 
sition of the nitrocellulose and also in the rate of evolutidh of oxide 
of niffogen over aidefinite period afc valuable determinations from 
which to arrive at conclusions with regard to the stability of the 
material under examination. The "Will test," however, is sWe- 
what elaborate and for gdier^ works practice, or where an ex¬ 
tensive number of qualitative st'abi5|;y estimations are required, 
a simpler and yet Reliable test wilh% quantitative bs^sis js needed. 
ITie best tesb in the author’s opinion to replace.the Will test 
for works practice, is the tests devized by K. Bergmann and A. 
Junk.'. This test, which agrees well with that of life “Will," is, 
in reality, a development along quantitative fme.s (M th» so-called 
German te?t Ut 1.35°. The personal erfors in this latter and the 
errors d^e to variations in ^aper, etc., are avoided in E. Berg¬ 
mann and A. Junk^s test “ud instead, an accurate measurement 
is secured of the decomposition of the nitrocellulose when heated 
under standard conditions, llietest is carried out .at 132°, while 
as we have ^ii!ady,seen, the W. Will and the Geriq^nJKsts itfe „ 
carried out, at 135°. It is claimed that 135° is too near the 
critical tgmpcrature for tile former lest to be ^rried out a^ 135°. 
The experimental evidence in favor of using sliglitly different 
temperatures id the estimatim, however, is small, and a gain 
would be made jn uniformity of testing, if t single temperature 
were selected foftall the tests. * 

This substitute for the W. Wj|l test is si*itable for the fxam- 
ination oj ungel»t(nized nitroc|llulose. In^t* original form as 
devized by E. Bergmann anil A. Junk it is unsuitadJle for either 
gelatinized nitrocellulose or for nitroglyccrol. Mercuric chk’nde 
or dry calcium carBdhate show practically w influence on thV 
rate of decomposition of nitrocelluloscs in the test. It is influ¬ 
enced, however, by the 4 )resencc of urea* and various stabilizers. 

It is claimed that the test does not distinguish so shi^ly as the 
heat test between the various stages of washing of tytrocellulosie. 
Again, according to Duprd, tests made on the same sample give 
1. Zt3. ang. Chem 1904,11*982,1818,1074; abst. J. 8. C. I.,t904, 2S, 953; 
Chem. Centr. 1904, 75,11, 748; Jahr. Chem, 1984, 5$, 1197; Mon. Set 1908, 

«*, 45; Chem. Centr. 1904, 78, H, 748; Meyerjahr. Chem. 1904, 14, 389; 
Tech. Chem. Jallt. 1904, 27, 194; Wag. Jahr. 7904, M, 358JfC. S. 1904, 
ltii,8g7. . . t' * 

3. Dupre, Ann. Reg. H. M. Iiu. Bzp. 1904,28; 1905r>28. 






BtaVu^riaorptim «»pu«tu 

‘ Fio. 4 ND Junk ^tabiuty Tsst bob Nn*ocsu.oui« 
















2357 


CBUJULOSB NiptATH 


to mm. port 
tmm. trail. 




Wett gtotdfid^m 


-r • • 


-^iborfi 


fValls of iubirt^ fo be 


BffrgmartnilJunK Tulles 
for Njc Stahilifi^ Tesi" 


#10. 293 



2358 


TOCHNOtOGY OP CEI,I<XJI^SB SSTERS 


occasionally ividefy different results, due, it is si/ggested, to the 
fact that the products of 'decomposition are left in .contact with 
the sample' throughout the test, whereby very sfnall differences 
in the rate of dfecomposition at the beginning of the experuilent 



Front .view • ^ Side view 

Fig, 294.— HousingBbrgmann and Junk StapiIjITy Apparatus, 

(It is rccoojmendpd to enclose the apparatus in a housing as shown, 
in the front and rear of which double sheets of glass, u, separated'by rubber 
bands ar-.d 8-9 mm. thick, are inserted. A large vent pipp connects with a 
Hut. As shown in the side view, each small tube is Qownected by means of 
a string and pulley, so fhat it can be pulled up out of the apparatus without 
necessitating the disturbance of others, or opening up the housing. As 
shown at c, the small funnels on the spherical addition, can be filled with 
water from the outside.) * e 

c 

would be greatly aggravated at the end. The author (Worden) 
has supervized the working of thousands of Bergmann and Junk 
<■ tests in dup'icate on ptnified 13.0% iV guncotton. When care 
is taken in the carrying but of the tost the results of duplicate 
^ests shgw a.remarkable'‘agreemrat in practically every estimaj 
tion. Mo^vef, ^'Will” "tests* were alro carried out on about 
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10% of the juiif<5tton, and there was i. very dose agreement 
between the two tests. ^ • 

In the Bergmann and Jui^ test, which was adopted by the 
Prnssian military authorities as early as lOOOT.the nitrocellulose 
is heated in a Jlass tube at 1.32° and the oxides cj^ nitrogerf ab¬ 
sorbed in water^and estimations made at the end of the jcaction 
by the Schultz-Tiemann method. iPlie latter ipay be employed 
as follows: One-half of theliltfa^e from the heated nitrocellulose 
(25 cc), equivalent to one gram #f nitrocellulose, is placed in a 
decomposition vessel (Jena flasic, 30(T cc.), and ‘boHcd until all 
air is expelfed from the apparatus through an oiTMet. The flask is 
then allowed to cool slightly and 15 cc. each of ferrous chloride and 
hydrochloric acid are drawn int* it by .sijction througlt a small 
thistle ttjbe. The nitrocellulose solution may alij bf run in from 
a funnel to the iron solution. The flask is then again heated to 
boiling and the evolved nitric oxide passed into a measuring 
burette standing* in a> dish containing water previously boiled, 
and mercury. A kncflvn amount of standard potassium nitrate 
solution iSjrfow placed in the*flask and the foregoing operation 
repeated, tllfe liberated gas being passed into aw)tWr burette. ■ 
[10 milligrams (5 the potassium nitrate will ylfld 2.21 cc. of dry 
"NO’i-at ni and 7(50 min.—the faijtor for cvrrefting tlieaibscrved 
volumes of gas front the unknown solution corrected to^standard, 
conditions of temperature pressure.)^ This method of anal¬ 
ysis is both qaick and accurate. M^y other methods have also 
been suggested for estimating tihe small quantity of nitrogen 
compounds fonhed. 

The amoilhf of nitrogen ^as nitric oxiaia uuciai.,-d in 2 hours 
from 2*grams of purified nitrocellulose is u?uall;>1ess than 5 cc. 
of nitric oxide which corresponds to 2.2 cc. of iV/10 alk^i or^.1.2 
milligrams of nitrogen. Direct titration is npen to the objection 
that a small error makes an appreciable alteration in the result. 
The evolved nitrogen*compounds might be converted into nitrate 
and the nitrate estimated by phenolsulfonic acid ot^ by reduction 
to ammonia , but the Schultz-Tiemann method is Jo be preferred. 
The heating batlpis a reijjangular copper vessel 35 x 10 cm. and 
25 cift. high, containing 10 tube? each 20 cm. long let*into it to tak# 
the glass tubes. The boilfcg is carried out in heavy, thick-walled 
• tubes 35 cm.long and 2 cm. internal dia|nete|^ ^holhn?^lgjs stopper 



2360 


TBCHNOI.OGY of CgLLULQSe BSTER^ 

' (■ 

surmounted by 'absorption apparatus being ground duto the 
neck. The heating bath carries ^ bafh to indicate the tempA- 
ature, Maam)^! alcdhol'’^ *'* or other suitable liquid'being used in 
maintaining flie constant’ tempelhture. The guiitotton is firet 
dried" at 50° in q good current of air for 1 hour, then sieved and 
finally dried 5 hours at 80°. It is sometimes recommended to 
finish the drying in a desiccator oyer'sulfuric acid until the sam¬ 
ple contains not over 1%‘moisture. In laboratory practice it is 
more convenient and leads to gre'dter uniformity by the adoption 
of the former psdctice. It is necessary to emphasize the im¬ 
portance of a fixed moisture content as the presence of moisture 

1. ‘ B. Caron (Ann, Chim. Analy,*. 1911, It 211; abst. J. S. C. I. 1911, 
30, 8;?7; J. C. a. 1911, 100,' ii, 707; C. A, 1911, 5, 2792; Cliem. Zentr. 1911, 
82, II, .S90. See also Bull. Soc, Chim. 1910, 7, 1021, 1025; abgt. Chem, 
Zentr. 1911, 82, I, 350 finds that the sensitivene.ss of the diphenylatninc 
test for nitrates dejjcnds mainly upon the proportion of diphenylamine and 
the concentration of sulfuric acid in the reagent and the rise of tempd.atnre 
produced on mixing the solution with the reagent. The best results are ob¬ 
tained with very low concentrations of diphenylamine and high concentra¬ 
tions of sulfuric acid, and the methorl of carp'ing out the test recommended 
is to add 5,cc. of a solution of 2 mgm tf diphenylamine in 100 cc. of con- 
centra.ed suj^iu-ic acid to ^ cC. of the solution under ejamingtVon. If the 
solution contains thloridcs it is better to use a reagent prepared by dissolving 
a few mgms. of diphKiylaminc in a mixture of 100 cc. oT sulfuric acid, 40 
cc. of water, and 2 or 3 cc. of 10% hydrochloric acid; 5 cc, of reagent are 
added to 0.5 cc. of the solution to bn tested. The reaction may be tfiiisked 
by organic substances such as methyl and ethyl alcohols, glycerol, ether, 
acetone, hydrocarbons, salicylic acid (J. .S. 6. I. 1011, 711), and phenol, 
especially when the solution of diphenylamine in concentrated sulfuric acid 
is used, and it is, therefore, better to use the dilute reagent containing hydro¬ 
chloric acid, mentioned above, whCn organic matter is present, 

2. Bull. 107, Div. Chem. II. S. Dept. Agri. ' 

3. w. Withers and Br Ray^ J. A./l. S. 1911, 33, 7()S; abst. J. S. C. I. 

1911, 30, 708; C. A.'i911 9, 2045; J. C\S. 1911, 100, ii,ii®; Chem, Zentr. 
1911, 82, II, 489. The Icagent is prepared by dissolving lOO mgm. of di¬ 
phenylamine in a'ifixturi of 60 cc. of‘conceiftrated sulfuric acid a.id 28.8 
cc. of distilled water, cooling thf solution and then adding slowly 11.3 cc. 
of hy/lroclttoric acid of sp. gr. 1.19. After standing o,yer night .some of the 
diphraylamine should separate, showing that the solution is saturated. In 
making a test, 1 cc. of the liquid under examination is mixed thoroughly 
with 1 drop of the diphenylamine reagent, and then 2 cc, of concentrate 
sulfuric acid are added from a pipette, so that two layers are forme. The 
whole is agitated gently so as to cause a slight mixing of the liquids at the 
plane of contact,<,and then kept at 40“ C. for 15 or 20 minutes. It is stated 
that in this way 1 part of nitrite nitrogen in 25 millions or 1 part Of nitrate 
nitrogen in 36 millions can be detected, while, by heating at 40° C. for I 
hour, the delicacy is increased to 1 part in 32 minions or 1< part in 44 millions, 
rispectively. »■ o • 

4. A smaU iron casing which need not Jte closed on top is, however, 

more suitable. It should be fitmd with a slidmg door and ctmtain a small 
window fitted With duplex glass. The cupboard for preicrence should *be ^. 
fixed opposite 4#rindqw \aR,o having duplex glass)'so that evolution of funuii. 
could readily be seenfh Bergmann and jutfle tub«. ' „ • : 
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has a deHnite influence on the decoinpositidh,#vllich increases 
apjfteciably Wth increased content. According to Dupr^, 
in ^e case of^mplesof nitrocellulose which wjpre not perfectly 
puiffied, the prisence of water,’especially influences the result. 
He insists on the jimits of moisture in the sample under test being 
rigidly observed. About 2 gm. are weighed out, introduced into 
the apparatus, any adhenng pasti(j)es being brushed down with a 
feather or camelshair brush. The^lass stopper is then inerted, 
the beaker half-iSled with water, the glass tube being* introduced 
into one of the holes in the bath, the temperafilre of the latter 
being at 1^2°. Heating is continued for two houjs, after jrhich 
the tube is removed from the balii. As tlje tube cools tnd the 
air contr^ts, water is drawn from the beaker Jito^he cotton. 
The absorpfion apparatuses washed out into the tube, the vol¬ 
ume bsing made up to the 50 cc. mark indicated on the tube. 
The liquid is thei» filtesed, an aliquot portion (usually 25 cc.) of 
the filtrate taken, 1 cff. AT/^ potassium permanganate solution 
added to ojidize nitrous to nifric acid, and the nitrogen fj^en 
estimated as hbovS stated. A satisfactory guncott«n^ould not 
yield over*2.50 cc. nitric oxide per gm. of origiilal sample in^two 
hours’Aeat’iig and a stable “collocljon cott(:#i";iot more* than 2 
cc.‘ ■ 

F. Mayrhofer* substitute a 2% soluyon (20 cc.) of^ potas¬ 
sium iodide for* the water used in the quantitative collection of 
the decomposition products. In testing the stability of a nitro- 
glycerol powder ft is tested botJI dry and®also when moistened 
with 0.05 gm.^f water. A Stable powder behaves in a similar 
manner brhether heated dry or* moist, whefeas iSi unstable is 
rapidly decomposed in the presence of a trace of water. By tjiis 
means variations of stability can be detected which are not ap¬ 
parent in the usual test at 120 degrees. 

W. Will’ has used this modification of the Bergmann an<J 


1.. It Bis been noted that heating the guncotton to 13^ increases tlu 
neioentageaolubffity of the explosive in ether-alcohol. 

3! Zts. Schiess. Spreng. 1918, 13, 425, 448; abst. Cheni. Zentr. 1916 
ai n, 702; J. S. C. I*1919, H aai-A; C. a. lOia, U, 332O; Ann. Rep. Soc 
<5 ob. Ind. 1919,4,542. • _ „ 

8. Zts. SchioM. Spreng. 1919, 14, 61; «bst. Chem. Ztg. Rep. 19U 
41 365 : abst J.S. C. I, 1019, », 926-A; Clym. Zentr. 1919, N, I, m 
■' a-tprevioas tommunicaOm JZts.^ Schi^ Spr^^ 19Ui^^ (^of*^ 


AMOIO, 14, 3320) F. Maythofef teaJWhejds 
wi if a 3% KI sotutioB instead of water for the- quaadtative coUectic 
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Junk test m examining the stability of nitrogVycfwl powder of 
various degrets pf “fetability. His results agree with thftse found 
by P. Mayrhofer. <• * ‘ 

The Obermuiier Test* consists in lieating the nitrocellujipse 
in vacuo at n constant temperature (140° CO.^and measuring 
continuously by means of^a mercury manometer, the pressure 
exerted by the evolved gases, the, latter being maintained at 
constant volume. The r,ate a1* \rfiich the pressure increases is a 
measure of the rate of decomplb^ition of the nitrocellulose. Pres¬ 
sure tests oh a'sijnilar principle have been deviztfd by J. Brame’ 
and Dupr6.’ The Obermuiier apparatus has beeij improved by 

B. PIqus* so aSfto give greater facility in operation. The calcium 
chloride heating bath is replace!! by a vapor bath similar to that 
in use in the Bergmann-Jupk test, a mixture of xylol apd toluol 
being used, and the glass tubes immersed in separate brass tubes 
stuTOunded by the hot vapors. The manometer is so modified 
that condensed moisture will not collect 'over the mercury, but 
runs directly to a receiver. Fou^ hating tubes with their man- 
omeiers 'are connected^ to one receiver. The rubber^connection 
between tlw H&atjng tul)e and manometer is replacecf by a groimd 

of thc^decomposition products. For estimating the stability of a diphenyl- 
amine corfbaining nitrocwlulose colloid, it is tested both dry Sthd moistened 
(With 0.05 em. of water. A stable powder behave? in the same maimer, 
whether moist or dry, whereas an unstE^ole one is rapidly decomp^d 
in the presence of traces ofemoisture. By rhis method, variations in stability 
can be detected which are not apparent by the usual test at“120°. 

1. P. Obermuiier, Ber. BezirkiVerein des Ver. Deuti Chem. Oct. 11, 

1904; abst. J. S. C. I. 1905, 2«,B47; Tahr. Chem. 1905-1908, II, 978; J. C. 
S. 1906, 88, ii, 291; Meydr Jahr. CheV->. 1904, 14, 369; 'Tech. Chem. Jahr. 
1904, 27,198; Wag. Jalu-, l905, 81, 1, 458 • » 

2. Zts. Schiess. Spreng. 1912, 7, 216; gibst. J. S. C. I. 1912, 31, 159; 

C. A. 1912, 8, 12^, J. C S. 1912,100, li, 394; Chem. Zentr. 1913, 8S, 1,1802. 

3. .Ann. Rep. H. M. Ins. Bxp. 1903, 26; 1904, 28; 1905, 29. 

I 4. Zts. Schiess. Spreng. 1910, 5, 121; abst. Jahr.Xhem. 1910, 61, 424; 
Chem. Zentr. 1910, 81, A, 1994. C. A. 1910, 4, 1806; Meyer Jahr. Chem. 
1910, 20, 328; Wag. Jahr. 1910, 56, 1,497. The CaCh heating bath is replaced 
by a va'^r bath similar to that used in the Bergmann-Junk test, a mixture 
of xylene and toluene being used, and the glass'tffbes iramers^ in separate 
brass tubes surrounded by the hot vapors. The manometer iscro modified 
that condensedtooisture will not collect over the Hg, but runs directly to a 
receiver. Four lyiating tubes with their manometers are connected to <«e 
receiver, the number of joints required being greatly reduced. The rubber 

f onnection between the heating tube and manometer is ftplaced by a ffound 
lass joint provided with a mercury se£l. Detailed illustrations of miginal 
and modified apparatus are shOwn. The new apparatus is obtainable from. 
Blecktnum & Qerger, Berlin, N. August Str. 3 a, the bath frwn E, A. Lenz, 
B^Iin. t 
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glass joipt pToviaed with a mercury seal. ,Witl^ the pressure- 
recording apparatus there is difficultyin prevent&g moisture from 
depositing in^the tubes leadiig away from.thp decomposition 
v^el. With^recaution this tiiouble may be o^erc^me.* 

A physical method such as the above, in whi?h direct read¬ 
ings can be obfainjd, has decided «id vantage even over a test 
such as the Bergmann 8#id Junk which involves a certain amount 
of chemical manipulation. The |(ivanftgc is all the greater when 
it is remembered that the prefture-recording t^t is* as 1-eliable 
as the Wi# and Bergmann and Junk tests. 'Vnlike this latter 
test, a s*ies 6f decomposifion stages may be recorded and in this 
way decomposition curves ob^ined which will giv» flefinite 
information regarding the progress of dea)mp»iti*n. The ap¬ 
paratus of* Obermuller has been usdd in this connection by 0. 
Wilc^® in connection with the examination of various American 
nitrocelluloses. J'Von^the examination of his results it appears 
that a given sample of nitrocellulose, when heated at 140°, has a 
characteristic decompositioli presftire; as the heating is con¬ 
tinued, a Sm component or phase is produced, r^igl^reinftrces 
the previous one by its decomposition pressrfe; the "pressure- 
increase” then remain# more or less const|nt until a new ^hase 
is again produced, and so the process repeats i&elf. 

An apparatus has beefi constructed 1w W. Ostwal^ which is 
suitable for recording the increase ^f gas-volume obtained when 
nitrocellulose sis heated. This type of apparatus has also been 

1. R. Robertson and S. Napg^J. C. S. 19(^7,9Lt81; abst. C. A. 1907 

1, 1772; J. S. C.li. 1907, 26, 638; Chem. Zentr. 1987, 7i, II, 95; Wag. Jahr 
1907, S3#I, 438. • • • 

2. Zts. ang. Chem. 1908,21, 1407; J. A. C. S. 1908,30,271; abst. Jahr 
Chem. 1905-1908, II, 977, 979. Wag. Jahr. 1908, M, I, 451 ; J. S. €. 1.1908 
27, 246; Chem. Zen».*1908, 79, 1,1534, II, 401; 7^- Schiess. Sprang. 1908, 
1,246. 

The samples examined were "decanitrocelluloses" of atxmt 12.60% 
nitrogen eontent and 9%% solubility in ether-alcohol. The nitrocdlulose 
was heated to 140° C. »n vacuo and the pressure read off every 15 minutes. 
During the%rst four periods the gases were allowed to accumulate and exert 
pressure; after the first hour the gases were continually withdrawn during 
the odd periods, and ^owed to accumulate during the eveO periods. Curves 
showing the r^tigp betweffi time and pressure are then given, For a 
nitrooellulose of good quality, the author finds that the cugve after the enfl 
(rf the first hour ("constant initial pressurqj') shows a step-lilce character, 
bei^ made up of several approximately horiumtal portions connected by 
, inclined strai^t lines. f * 

8. Zts. phys. Chem. 1900; 38,33,204*. 
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Lsed by. A. Klittasch* fjr heating nitroceUulose 150“ A the 
jrdinary baron^etric ^essure. A test of a similaS nfiture^to that 
ased*by. A. Mittalch has beCh employed by Silberrad.*, The test 
is carried out at 115? for 20 hours, bfit iifstead of mea^ring change 
in pressure cavsed''by the,evolvedrgas, the? latter directly ort? 
lected’ and measured. According* to Dupr6’ the reaction is 
difficult *to contrbl, since evfn in duplicate e3q)Ctiment8 widely 
different results are often recorded.»Tb': cStwald type of ap¬ 
paratus has been Used by A. Sai^sdhnikoff and W. Jagellowitsch; 
the nitrocellulose is heated at different temperatures between 
120“-150°.* They, construct curves by using theVolvme of gas 
(v) and the time (t) as ordinates.’ The curves that have distinct 
bends i^.q;v the uutocatalytic character of the reactions at these 
high temperafureg. The relation between the temperature and 

f / (iv\ • 

the maximum reaction velocities 1 — 1 coiresponding to the bends 

in the cuiVes may be represented by two lipes, eprresponding to 
the equations; 

Between i;20° and 130°; - '' 

‘ ij, dv 

Between 135° and 150 


max. = —2.22 + 0.0192t 


^ — max. = -64.22 -f' 0.48t 

dt c '■ 

f 

These lines intersect at the point corresponding to 1^5°. 

The authors use t^e tehn as^tocatalysis in the sense of a 
slowly proceeding profe^ which is’irogressively larcelerated by 
the decompositim products acting catalytically. When nitro¬ 
cellulose ig mixed with certafii substances and then heat^, inter¬ 
esting changes in the speed and form or nature <*f the decompo¬ 
sition may be observed. When kieselguhr and nitrocellulose are 
heated the amount of gas evolved is proportional to the time. 
With calcium oxide as diluent the volume first decresses but 
> 1, Zts. ang^Chem. 1903, IS, 929; abst. Jahr. Chem. 1903, iA lUlS; 

Meyer Tahr. Chem.. 1903, IS, 346', Chem. Ceolr. 1903, T4,11,986; J. S. C, I. 
1903, 22, 1208. 

2. Treatise <m Service Explosives, 1907, 14^ 

3. Ann. RepiH. M. Insp. Exp. 1906,-28. ^ ^ 

4. J. Ruas. Phys. Chem. S&:. 1905, 17, 8^; abst Chem. Centr. 
n, I, 339; J. & a 1906,2S, 191'; Meyer Jahr. Chem. 1906, SS| ^ 
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then iacrea8«|. Magnesium powder, calSum carbonate, oxide of 
iron or alumina are without influen^. SodKiu) aurbonate, cop- 
pit nitrate*and urea exercise a strong increase of the.decompo¬ 
sition velocit;JJ connected with 1 change in the Slmpe of the curves. 

Other StChiUty (Heat) Tehts. A ’modified f(^ of the ex¬ 
plosion test h^ been devized by H. Weber.i The g^posed 
method in additions to giving an aAurate determination of the 
explosion-temperature Absfan^e^veE, it is claimed, a fair com¬ 
parison of the relative stabilit^l^f explosive subst^cesj It is 
applicable, moi^oyer, to gelatinized ifitrocellulos^ and nitrocellu¬ 
lose powddh. The test is stated to be a deCmnination of the 
rate of Shange of decomposition velocity with ^change ^ tem¬ 
perature—and as such—cliaractcrislic fo^ each sampled In the 
test the sample is heated at a constant temperaftire"^ind the time 
required t5 bring about explosion is noted. Temperatures vary¬ 
ing between 130°-200° are employed. The bath of paraffin or 
other material cantains several loosely stoppered tubes into which 
samples of the explosif e (wljple grains of pieces about 0.2 gm. each), 
are dropped, the time elapsin^before explosion being netedjwith 
a stop-watch- The results of the explosion testasafffBO* 170°, 

, 180° and 200° ire plotted for each sample. • distinct differences 
in fosm arf^shown by s’table and unstable ]fOwj)ers, and at is con¬ 
sidered that the qlrves actually represent the stabjl^l^ of tha 
powders with changing teft^ratures. '^e requiremlnte of the 
Ordnance Department for an explosive test may be carried out 
by the following simple test, wnich test, however, can only be 
regarded as an approximate oi^apable o|diffemntiating-between 
a very good aid a very bad lewder. A sshuple of the explosive 
(usually 0.1-0.2 grams) is placeS in a jjard gtass t(^t tube, ti^tly 
stopped, and pla^ in a paraffin bath at 100°. Th<?batji is 
continually stirred and the heat so regulated‘that the temperature 
increases 5° per minute. The temperature at which the sample 
explodes is nqted, wM<ffi is tfie result sought* 

, ■ In connection mth the imcertainty of testing stability by 

« . t Bicbth hater. Cong. Appl. Chem. 1912, 4, 147; J«Iud. Bng. Oiem. 
t9I% Ik 041: Bun. 102 (Rej^t; Dept. Comm, and tabor, U. 8. Bur. Sbud- 
ards. »12, i, RguBk No. 19f; C. V1913. 7 , 2308. ^ # 

.3. A, ^ (J. A. C. S. 1903, 3S, 553) states the stan&rds estabUtfaed 
hjCths CbAanee Depsrtmeatdbr this test t8 be as follows: A good aitro- 
ihOttU imt explode tamer 186°, that of a nitrocellulose powder tinder 
inVud a onragijrc^ powder under 170;. V^^iatipiis'h results msyebe 
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leating to a cqtnpapitively high temperature tlie /tUoYfjng ex- 
peririleats by E. Berl and M. Delpy* are of interest. In the 
course of the •purification of nitroifellulqpe, unstably, bodies con¬ 
sisting mainly «of tfitrfc esters of disintegrated cellyiose materifil 
were separated *froth the nitrocellulose and extracted by altohol 
ind the'alcohol Elution eva?)orated to drynps.^ The purified 
aitrocellulose had an ignition tenmelatifie of 180.5°, while a 
mixture containing the puit niti^cellulose with 10%-20% of the 
anstablcf products gave an ignition temperature sf 180°. This 
latter mixture un^oibtcdly consists of an unstable explosive, yet 
the ignition test did not give indicationd’of this fact. ® » 

In ‘A «cliniatff trial at corapa;-atively low temperatures, say 
40°-60°, an e»rended pel'iod (I to 3 months) is necessary in order 
to obtain definite indications' regarding the stability of>'ifiost ex¬ 
plosives. It has also been noted by G. I’atterson for the detec¬ 
tion of sulfuric acid esters that the higher the tenjperature of the 
stability test the more easily may such compounds be detected.® 
The velocity of decomposition* of%itrocellulose generally is 
^pproxiitiatak,, doubled by a rise of temperatuve of»S°.^ For 
ordinary gelatinized jOitrocellulose powders, hovVever, there is 
probably ijo test whiclf is as trustworthy Und on which conclu¬ 
sions can be as safely biased as a prolonged storage test carried 
out at a comparatively low fixed tempe'iature, 40°-60°, and with 
periodic Examination of*\tne explosive. The possibility of sec¬ 
ondary reactions which may ocdir at high tempenatiu-e is less 

caused by differencesi in manipulation test, especially in the speed 

with which the teniperati^ is raised. Gniater diflercnceS tetween the ex¬ 
plosion points are qbtaine4when the tenvicratufc is raised only I" instead of 
5 ° per minute. f 

1. Zy-,. vSchicss. Spreng. 19li3, 8 , 129; abst. C. A. 1913, 7,2307; J. C. S. 
1913, IM, i. 1305; J. S. C. I. 1913, 32, 452; Chem, ZCUtii J013, 84, II, 493; 
Meyer Jahr. Chem. 1913,2S, 363; Wag. Jahr 1913,58,1,457; Zts. ang. Chem. 

1913, 28, II, 447. See also W. Cullen, J. S. C. I. 1901, 20, 8. G. Finzi, 

Gaz. chim. ital. 1909, 39, 1, 549; abst. J. S. C. 1.1909, 28, 676. B. Zschokke, 
Zts. Schiess. Spreng. 1911,8,241. *' o 

2. F. Langenscheidt, Zts. Schiess. Spreng. 1914, 9, 54; alest. C. A. 

1914, 8, 1669. ** 

3. &venth Inter. Cong. Appl. Chem. 1909, Zts, Schiess. Spreng, 1910, 

5, 47; abst. Chem. Zentr. 1910, 81, 1, 1650; Jahr. Chem. 1910, 83, 426; Wag. 
Jg.hr. 1910, 48, 1,499. , *' . 

4. O. Silberfad and R. Farmer, J. ^ C, 1. 1906, 25, 961; 1907, 28? 35; 
Zts. Schiess. Spreng. 1906, 1, 40!f; 1907, 2, 61,64; abst C. A. 1907, 1, 358; 
J. C. S. 1906, 89i 1182, 1759; Mon, Sci. 1908, 88, 36; Chem.^entr. 1906, 
77, Jl, 1048, ,’723; 1907. 78.1, 5^; Meyer .Tahr. Chem. 1966, 18, 325; 1907, 
17, 313. 
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likely to oc^r^at low temperature, an^ a truer esiimation of 
stability is recorded. » ^ 

• Other»Stability Tests. Whereas most stability tests depend 
on the behaiiior of the powdelwhen subjected to h%at, a test by 
A**Weirman' u based on the abservutfon tliaf nilaocellulose col- 
bids m an unstable condition absorb moisture from the air more 
readily than d8 st^jle adloids. Tile test, however, is very lim¬ 
ited in its application, ftidlit ^nost only gives a record of the sub¬ 
stance at the time of the test. V're^lfly niade smokeless powder 
contains veryfttle moisture, blit th» gradual loos of theTesidual 
solvent difring storage renders the colloids m<lr* hygroscopic; the 
absorbed mBisturc in a fiowdcr may sen’e as an index of its 
stabjlity. About ten grams o^ the powder (vAiole gflfRis) are 
weighed, dried 7 days in a desiccator over sulfciri»acid and loss 
noted. *'llhc dried sample is then exposed for about two days to 
* j^tmosphere satmatS:! with water until its weight becomes 
constant, the tcanpcrjturc of each test being preferably the same. 
This increase in weight plus the above loss in weight equals the 
moisture range, which, corrccicd for surface moisture, gives com¬ 
parable r^Bjlts tfor all sizes of grains. Since ijjt**lW!1(lles o^ 
varying,nitrogdn content have varying alT^iilfles for moisture,*'* 
the jbove test will ority be applicable in ^e restricted eidimina- 
tion of sjiecial samples of nitrocelftlose of^simifar nitrogen content. 

A. Angeli assumes lh»t the stability of an explosif?is related 
to the amoigit of acid prAent in the Apl osive.* He Wasures 
the acidity by the aid of the indfeator dimethylamihoazobcnzene,* 

). Eighth Ritcr. Conx. 1912*4, 1.1L abst C. A. 1912, 6, 

3520; J. S. C. I.yai2, 31, 90.5. ^ 

2. C. Beadle, Chem. News; 1894, 70, 247; abst. Chem. Centr. 1896, 
66,1, 168; Jabr. Chem. 1894,117, 22*0; Bull. Soc ffliim. *9,5. M, 143.* 

3. Haller, Us Bid. Chim. 2, 420. • ' , 

4. Atti, ac*cad.»Lincei, 1918, 27, I, 1G4; abst. C A, 191", 13^ 262; 

J. S. C. I 1918, • 

5. This forms red salts, wliieh become fixed to the surface of the ex¬ 
plosive as a dyestuff docs to a fiber A few cc. of distilled wafer containing 
3 or 4 drops of a 0.2% alaoholic solution of the indicator arc poured on to 
about 0.5 am. Si the powder, the whole being well stirred. Powder of good 
quality turns lemon-yellow, whereas, if more or less aciijjty is present, it 
becomes more or less intensely red, in either case, the supernatant liquid 
remains completely colorless. Not all explosives which Tire acid show low 
stability when sulicted to4be heat te.st, but experiment demonstrate* thaf 
they*iiiflame far more reamly thdli normal explosives w4en kept in large 
amounts at a relatively high! temperature* and they also biun irregularly 
and incompletely, and in the wring test exhibit abnormalitira in the pressure 
and range. A ^hite solution Ot the above^ndicator mayMbI us^ for pcj^eal- 
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wliich becomes red in presence of acid. In 1864 C, De Luca* 
showed that the nitrocellulose produced in that period ^decom,* 
posed more rapidly ^when exposed ^o sunlight th^^in diffused 
light, while in jdarknecs h? claimej^ tW the decoijposition wfs 
very slow. The observations of De Luca were mhde at atCom- 
paratively low temperature ^50°). The decomposition in the 
sample exposed (at 50°) to sunlight was cppipiete and took place 
in several stages. In 1867«F. ALeT also investigated the acticai 
of sunlight on n^rocellulose^ With a stable dry .guncotton he 
found that the actjen of light was very small. GhncQtton con¬ 
taining some moisture when exposed to light decomposes very 
slowly the formation of nitrates, nitrites and other com¬ 
pounds. The^ctij)n, however, is very slow and is not suitable 
as the basis of a quantitative stability test. . , <■ 

D. Berthelot and H. Gaudechon* have shown that the action 
of the ultra-violet rays on various explosives is to accelerate those 
changes in composition which tend to occ^r spontaneously in 
the lapse of time, hence those alteratitns which are produced in 
the coi rsc *q|j^ears by the natural agent of heat^ humidity and 
contact of air m^ay.Jjie made to occur within a fei^ hours..- Ob¬ 
viously,- therefore, an'examination by the ultra-violet rays offers 
a means of testing the'Stability-if various explosives, their Con¬ 
dition at given time S,nd their rate qf deterioration. “Ultra¬ 
violet-rays" test, howeve^j has not befn completely worked out. 
It can at most only be used aa a ^confirmatory test ?o the usual 
tests. Against the test is.the point that the treatment in this 
stability test differ* enti^-ily from G,e treatment (|igt the explo¬ 
sive lyill receive jnacti^al storage. jThey, exposed the explosive in 
thin quartz tubes containing mercury and an atmosphere of nitro¬ 
gen to rays from a mercury vapor lamp.* Nitrogkji^ol was found 
to evolve carbon dioxide, carbon monoxide, nitrogen, nitrous ox- 
in* the effect of light on smokeless powder; the parts of the latter whldl 
have been exposed are turned red by the solution,(whereas t^e other |»uts 
become yellow. . 

1. Compt. nnd. 1864, SS, 487i abst. Dingl. P(dy. 1864,174, &8: Wu. 
Tahr. 1864, li 243: Mon. Sci. 1864, 12, 951; Poly. Centr. 1866, SI, IW; 
Jahr. Chem. 1864, IV, 670. 

II 2. Phil. Trans. Roy. Soc. 1867,181. Second menuM on nltrocelluhMe, 
which see. ‘ ‘ ", 

3. Compt rend. 1911,1M,«1220; C. A. 1912, «, 804, 1236,2830; J. a 

C. I. 1912, St, 47: Chem. Zentr. 1912, 83, 1, 634. . 

4. Compt M. 1912.m &)1; Ci-A. 1912, 8, 1225,2830; Zts. Sehks*. 
Spren*. 19127*,'te. 
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idt and nitrid^oi^cfe. The mixed gases ton'tained as much as 
40% nitrit oxide. Collodion nitrocotton gavtf a.similar mixture 
with much l*s nitric oxide Jjut showed less stability than French 
sernre powde^ which yielded Vo oxides of dl^rogen in former 
tests*bjf p. Bei^elot In tests’of two iervice pow€ers (6 years 
bid), one stabiljjed with diphenylamine, the otjrer witl^amyl 
alcobd, the former yielded eas contaftiing 14% nitric oxide, the 
other 1.7% nitric oxide iJt 75° and 20 mm. from source of light, 
while both gave no nitric oxide at a greater distance^d lower 
temperature, if the first instance, defeunposition^as too* rapid 
to be prevented by the stabilizers. The high’amount of nitric 
oxide profiably resulted from the decomposition of the nitroso- 
dipheaylamine formed during theesix years jof life*of the^wder. 
Other stabilized service powders gave no nitrous*ga#s. Experi¬ 
ments were’also conducted to determine the stability of powder 
by«fl?|ans of the relative action of A^/10 potassium hydroxide 
solution on the powder for a period of 30 minutes at various 
temperatures, the excAs of^kali remaining being titrated with 
acid. • » . 

A s^f^SfappdTatus suitable for the test of emcwiitl^^wves 
to ultra-violet li^t has been devized by M. JPmlbaud.* It con¬ 
sists essentially of a transparent quartz tul^ yX) mm. Ipng* and 
15 mm.,diam., in wbfch the materral to bepdecomposedj^placed. 
The decomposition tube is cft^d by a ground glass cap, from which 
a short, narrow tube, fitted with a three^ay stopcock leads to 
a measurin^Sferette. About 2 to 2.6 grams of the nitrocellulose 
or powder to be* tested is plai^in the d^mj^ition tube and 
the tube evacuStW (20 mm.).^The tube i^tfien exposed to the 
rays of S mercury vapor Irfmp sSid th^ quantities^f gas evolVed 


t. Compt. rend. 1915, ISL 212; abst. J. S. C. I. 19l\ 14, C«4; C, A. 
1915,1, 2982; J. C. 9.1915, JM, ii, 706; Bull. Soc.Chim. 1916, U, 93. * In 
the (btermisatkHi of mineral residue in smokeless powders according to C. 
Lut^ (Ofa>m, chint. ind. appUcata, 1920, 2, 244; abst. C. A. 1920,14,2711), 
the tinnier is cut or rasped (p a coarse powder, and 0.5 gm. treated with 1 
(Itf, l^itidiiw in aVncdain crucible for one half hour, fallowed by heating on 
s^Mp halli, evaporated and treated with thtee successiv|.p^ions ^ 10 
' ' l^.iM 'pyrMine, evaporating before each addition. The residue is Own 
' mini, of syrupy consistency and suffused with bubUerf This is treated 
tfauea with drops of^water, evaluating each time os before, until 
is carbonaceous. The material is then heated first in an air bath, 
surenidy until bidiUM cease to develop and finally to incandescence 
i‘4eioe. The metbdl is claimed to have given goo^ results with 
* Graphita can he determine'!in « ««iewhar.rfmilar manner 
(S im of the nowder. 
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during definite period^ are noted for construiHioi^.of the velocity 
^rve of det-oijiposition. jThe gas collected is then® analyzed. 
The decomposition of nitrocellulpse .^^nd smokeless‘powders pro¬ 
duces five gases^f. e., CO 2 , CO, and NO.iin varyin^.pro- 

pprtions. .j 

United States Ordnance Methods for Testiji^g Nitro^llulose. 

The most recent official riiethods of condv,;tmg these determin- 

* ^ • 

ations are as follows; ' ( 

Heat Test with I^tassium Iodide Starch Paper. The 
sample shall Ufc pressed ifi a clean cloth or wruI^g in a wringer if 
it contains a iSrge excess of water. The cake shall be rubbed 
up ii^he clotji until fine, taking care that it does not come in 
cont^ with the hagds, spread out on clean paper tra)®,' and 
dried in a^'nirfbath at 3.5° to 43° C. just a sufficient length of 
time to reduce the moisture to that amount which" will give a 
minimum heat test, this amount being from 1.5% to 2%,»,.,If, 
as sometimes happens in dry weather, <the moisture has been 
reduced to less than 1.5%, the sample shMl be placed in a moist 
atirjpsphere for a time not exceeding 2 hours, until the required 
‘ moisture^f)t/c-ntage is obtained. The whole lime Gt frying and 
making the test not'exceed 8 hours. 

The dried sqm{5ii for th^ heat test shall be weighediout in 
. five tesi^tfibes, 1.3 gripns (20 grains) to each tube, so that a series 
is obtained covering the widest variation allowed for moisture. 
These tubes are stanq-ird, inches long, ‘/a iftcl^internal di-, 
ameter, and ®/s inch exjemal diameter, closed a clean cork 
stopper, fitting .tightf^f, througit^which passes k tight glass rod 
with platinum hol<i(ir for the paper. Corks afe discarded after 
one" test. Th|, nitrocellulpse is "pressed or shaken dowii in the 
tute ufttil it occupies a space in the tube l^/g inches. The 
test paper, about 1 'inch in length and Vs 'wide, is hung on 
the platinum holder, and moistened on its upper half with a 
50% solution of pure glycerol in water. ‘The heating bath, care¬ 
fully regulatfd at 65.5° C. ±1° C., is placed so that a bright 
reflected light |ls obtained and tube placed in the bath. Time is 
^ marked when tubes enter bath. As t^st contjnues a slight film 
of moisture cGndenses on inside of tubes, and the line of deAarca- 
tion between wet and dry test papeZ-'is kept abre^ the lower 
edge of the mbistyre (film. ^'TUie* first appearance of discoloratioir 
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)f the datnp poTtion of the test paper marks tlfc cn^ of tlie test 
:or each sepasate tube, the minimum test of any one of the five 
tubes being thereat test of de n^frocellulose. ffliis dBcoloration 
IS to%e meater tj^an that obtainad at the saifle tim^by a blank 
test. V • 

Standard tes^pajj^ers will be usecWand will be furnishSl by 
the department to manufSfctufer^ ^ 

The standard water bath holds^0 tulfes and is made long and 
narrow to reduce ^o a minimum tMe heating of the vPP»-‘r porfions 
of the tubes. •Tliese tubes are immes*ed in the bdUi to a standard 
depth of 2.25 iilbhes. * 

C. Test. A sample of ni^oeelhdose is lai8 out iif^fapcr 
trays and dried for 4 to 5 hours at 42° C., or is driedtover night 
at room tJmperature and then further dried one half hour at 
42°^jj^after which 2.5 grdlns are pressed into the lower 2 inches 
in each of two tutes, ^f heavy glass, about 290 mm. long, 18 
mm. outside diameter, «nd 15 mm. inside diameter, closed with 
a cork stopper through which a liolc 4 mm. in diameter has b^n 
bored. Api^ of atandard normal methyl violet j^]i**!*7Trt(m. 
long and ^ mm. tvide, is placed in each tubtyift lower edge 25 • 
mm. aljove the cotton. • When the constaiy temperature Cath 
has been^carefully regulated at 134(^° C. C., th^tubes 

are placed in the bath so that no more than (i or 7 mm. of length 
projects from bgth. ExaminJlion of the t#be is made by*with- 
drawing abolfN^ne-half its length *and rcplaeing quickly each 5 
minutes after 20 minutes have cl^xsed T\e m^jthyl violpt test 
paper in either tube shall not li^ complctefytyirncd to standard 
salmon-pkk in less than 30 ihinulfts. * t * 

Standards for salmon-pink to be furmshed by theVlovei#ment. 

The bath must oe placed in a good light, with a suitalfle 
background. 

There shall be no fkljire of either of the tubes. 

The standard normal methyl violet papers will be furnished 
by the department. * 

Nitrogen Content. Nitrogen content is determmed on a 1- 
gram sample of nitrocellulose drkd to constant weight at a tem¬ 
perature between 98° and 1^)2° C., or ill a vacuum drier after a 
thorough air dtying. 

The nitrocellulose is washed into a Dffonh, nitrometer oy 
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30 <x. of HjSO^. per,cent, of nitrogen is read by comparison 

of gas givra off with a standard yolipne. • * 

The nitron\e'ft;r*is standardsted by;preparati<jfl of a standard 
volume of ^ air cal^ated fo a temperaturs^of 200^Cr8md 
700 ipm. pressure in the comparison tube. ^ ' 

^en pure potassiurfi nitrate is tested with the standard 
sulfuric acid against sui.h comparison^ tube the nitrogen figure 
should invariably be 13.fe%.^ 

^e aidd' used shalF be chemically pure ^uric acid con¬ 
taining 95% HjSO*.’ " 

^h. This is determined by decomposition mth Citric acid, 
ignition, and weighing the residue. e ' 

Ether-hlcokol-Insoluble Material. The percentage of ether- 
alcohoi-insoluble material in the nitr^Uulose as tfsM in these 
specifications shall be determined as follows: Soak 1 ijpm of 
the dry sample for two hours in 50 cc^ of 96% alcohol in an 
Erlenraeyer flask. Then add 100 fc. of’ethyl ether, shake and 
aliyw th stand over^night. On The following morning the mix¬ 
ture is thoroughly and transferred fo a <Sp^^y con¬ 

structed solubi!it 5 (» tube' of the following dimensions: Total 
length,, 21 inches; Vside diameter, 1.35 inches; thp lower end 
constricted for a dist^ce of i inches to an'inside diame^ of 0.3 
inch md graduated m one-tenth erf to 10 cc. The constricted 
portion should be tap4'ed gyaduallj/'from the largcspart of the tube 
and the graduations ^opld extend to the top of tk^'shouhfer thus 
formed. Afterrfstan^g for seven hours in the solubility tube,, 
the volume occupi^ by the insoluble and sediikilubte matter is 
refid in cubic Ventimeters from the sefile on tiie tube. This num¬ 
ber (of cubic centimeters) multiplied by jp die percentage of 
ether-alcohol-insoldble matter as used in th«^ specifications. 

The official temperature for this determination shall be 15.5'’ 
C., and in case of doubt or for greatcr''accurai^ the comidete 
determinatjm shall be made at this temperature, the solvents 
being brouj^t to this temperature before their addition th tiie 
sample. ^ 5 , 

Factor Sf SolMlity. The Solubility of nitrocellukXMf bdag 
very diffiimlt of determination, an arlfitrary "factor (d siddbiffi^^ 
^ used,.t 9 (Mne,.acceptibi4ty*of nitroceilulose in this 
This factor of.'sbhibility for nitroceUplos^is obtained by idbi' 
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tnc^iag irpniTlOO% the sum of the percentag|s of |ish aud ether- 
•Mohot'insohibte material, determise^ as pcescritied in the deter- 
nuiiatioa of a^ and ether-^col|)I-insoluble material. * 

^cottoi^Specifications ia Great*BrUUn. Jlhe following, 


H is mlierstooJ ajp substantially the specificptionl under which 
nitrocellulose e^ecj^ly suitable for ihe manufacture of Rardite, 
is produced in Great Bt^iif. g ^ 

Is The nitrocellulose should^ eqhal to that manufactured 
at the Royal gi^powder factory*at Waltham Ablyy^ ^ 

2. If tile nitrocellulose b madi»by the dbflacement process, 
the period of nitration shbuld not be less than 2V> hours. It 
should be subject^ to two boili|g:s of 12 hours €ach, dUlfctly as 
it comes from the cold water washing after nj^ratkm, the first 
bmling yfeiiig»m an acid solution ap^oximating 1% of acid on 
t^weight of the guncofton; this amount of add being normally 
disengaged from.the i^itrpcellulose. The second 12-hour boiling 
should be in slightly acid elution. This should be followed by 
1 healings of 4 hours each, anehone of 2 hours, in watet sritl 
dkalinityj^ivaknt to about 270 parts of calcnm^^aiMMR per 
nfiliRn,*|my de8denc>' in alkalinity of the jpdCinral water being 
mad^Up 1^ the addititm of sodium carbodfte. If a hvdVater 
is usec^ it may be ieund that thf requir^ refidual calgpm car¬ 
bonate has been deposited in the fiber; r 
corrected by Jhe addition o|predpitated| 
ittg tSf flOM^g, or by predpitAthig tha 
the use ot caldum hydroxide, followed by^ ^ 
sduble alkali being washed oui.tiy means*ol^ater. 

The removal of iron and grit ^ould, ia the jnain essentials 
follow the methods a* used at WalthaSn Abbey. 

3. The nitroe^ulose must be free from un-muaoea wiion, 
and-from all extraneous matter not permitted by the specifications. 

. , guncotton giust be free 4om grit and from any other 

g^tt« oQier than that tmavoidably taken up by the 
from the wash water and machinery f&ed in maau- 
or naturally present in the cottm; the hftal quantity of 
saUter, %s deteftnined by ashing a suitable-quantity or 
wfrh due pipmutkais arfl! sulfating the ash, not to 
1 %. 

SV^!r^-nteoc^qae imist contain f^’l{.z%'t£ 0.4^cf 


not, the d^^^cy is 
ddum carbodhte dur- 
[CaCOi in the fiber by 
^o(4]jp carboqate, any 



2374 


tSCHNOLOGY oV CSU,uioa» BSTSfes, 

■ ^ ■ r ’ ^ \ 

calcium catbot|ate, (alcdated to the dry basis, ^e‘Utilisation of 
thiJ ingredient tieingc^ed out along the following lines: ’ « 

Ten graiiis of e^ ifhcotton artf' sh^en in a tall^lass cylinder 
with 100 cc. of_N/W^^€i diluted with ^ equal ^ount 
tiUed water, for one hour, and allowed to settle; for tli^same 
period ;'*after which 100 cc.(Of the clear suTOindcant liquid are 
removed by a pipette and ^itrated^whh t7/10 sodium carbonate, 
with methyl orange as an'indio^tor. ♦he alkalinity of the sample 
being 3UculatedJin terms ohQaCGkOn the dry guficotton. 

6. The percentage of nitroijen, as calculated on gurcotton free 
from mineral matter, should be not foss than 12.9% nor more 
than 13SS%, the'cstimation bein^carried out as follows; 

From 0.£.toJ).52 of perfectly dry guncotton (obtained 
from the poachers before alkaline matter is added, .and 'dried) is 
i^reighed in a stoppered weighing bottle,' 5 cc. of pure 96% sul¬ 
furic acid are added and stirred until complete c^sintegratioSl^as 
taken place and the mixture can be readily .poured into a 160 cc. 
nitrometer. The weighing bottle»and cup are washed out with 
,9.5 2fe^fi..si^furic acid, divided into several 4)orti^js^,^0.5 cc. 
distilled water belhc added to the last portion. The nitS^eter is 
then shaken to effecV^the reaction, and when the same is com¬ 
pleted and the temperature of l)ie apparatus, has become stable, 
‘"ihe volum1''of NO disiagaged is rea^off, reduced to standard 
conditiofis of 0° and < to mm. procure and the ^centage of 
nitrogen in the sample c ilculated: 

7. The perce^ge^f ditrocsillulose soluble in ether-alcohol, 

should not be in exce^ftL2% as calcmlated on theAy nitrocotton. 
To determine this, i gm. of drei guncotton are shake* , with 
200 cc. qf a mjf^'txu'e of 2 pSrts 0>y volumejs^f pu^e ethyl ether. 
andT part of alcohok,(sp. gr. 0.830) for six hW?, at intervals of 
about 15 minutes, the insoluble matter being then allowed to sub¬ 
side. When clear, 75 cc. of ,the supema(^t solution are trans¬ 
ferred to a weighed flask, the solvent is evaporated, and the 
residue dried*to constant weight at a temperature not in excess 
of 66°. The s<flution diould be made at a constant temperature 
W 15.6°. o . ^ 

Wt. of residue X 100 _ ^ solublt^^nitrocellulos^ in sample. 

■% 


l.J-‘ 


' 8. The percejifag^of organic matter ins^uMe in acetone Is 
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not to be in eji^essiof 1% on the dry guncotton'. The?^dmouht 
i^hible*in acetone is determined, agd the tdss pn,ignition after 
cmiversion t>f the ash to ca^jh^P^fcSi is caici-^^etOasjthe “organic 
m^^r insoIuKle in acetone.” ^ rj • 

^ &»f^e to4^ amount of sulfite as calculate t(i>KiS 04 on the 

dry nitrocellulole ipbst not exceed 0.1%, th^ determii^tic^ being 
carried out as foffihr% ^ ' j * 

Five gm. guncotton are d^solve^n 50 cc. of nitric acid (sp. 
gr. 1.6), a few jrystals of pciKass<)un cfllorate being ^ded when 
solution jg comjlete, and the *)luticn*evaporate^*aknost to dry¬ 
ness over ^ small flame. The '<5ncentraterf <solution,4s then 
treated’with i cc. HCl an3 0.5 gm. potossium chlorate in succes¬ 
sive small portions and again evaporated alm^rt to "dryii*^, this 
treatment being once repeated, the re^ue di^hxjd in water, 
filtered, and the sulfuric acid estimated as BaSOi, precipitated 
fc'r-jabout 150 cc. of liquid. A blank determination on the re- 
agedts is also made, gnd any BaSOi thus found subtracted from 
the result. 

10. The heat test follows^the usual lines, as previtwsl^^ de- 

11. The nitrocellulose, when subject^, to the Will test,* 
shouM giv^off not more than 6.^mgm. ofyoitoogen in fpuf hours 
from 2.5 gm. of matttial. 

1. R. Robertson. J. S. 0..1. 1902, 21, 8^; abst.3iuii. oci. ivw, 99 , 
65 8; Chon. C e^. 1902, 7J, II, fliO; Jahr. Chei| 1902t'«, 105^ 







